EX  BIBLIOTHECA 


CAR 


I    T  A  B  O  Pv  1  S  . 


ON  THE 


VARIOUS  FORCES  OF  NATURE. 


(>0 


ON  THE 

Various  Forces  of  Nature 

AND 

THEIR  RELATIONS  TO  EACH  OTHER: 

A    COURSE  OF  LECTURES  DELIVERED  BEFORE  A  JUVENILE 
AUDIENCE  AT  THE  ROYAL  INSTITUTION 

By  MICHAEL  FARADAY,  D.C.L.,  F.R.S. 

EDITED  BY 

WILLIAM   CROOKES,  F.C.S. 


WITH  NUMEROUS  ILLUSTRATIONS. 

iJ0n(l0u : 

CHATTO    AND    WINDUS,  PUBLISHERS. 

[SUCCESSORS    TO   yoUN  CAMDEN  IIOTTEN.) 


[l  'i  ,  s  J 


WELLCOM:  !^'STITUTE 

Col!. 

we^'/.Omec 

Call 

No. 

PREFACE. 


■0  


HIGH  was  first,  Matter  or  Force? 


If  we  think  on  this  question,  we 
shall  find  that  we  are  unable  to  conceive 
of  matter  without  force,  or  of  force  without 
matter.  When  God  created  the  elements 
of  which  the  earth  is  composed.  He 
created  certain  wondrous  forces,  which 
are  set  free,  and  become  evident  when 
matter  acts  on  matter.  All  these  forces, 
with  many  differences,  have  much  in  com- 
mon, and  if  one  is  set  free,  it  will  imme- 
diately endeavour  to  free  its  companions. 
Thus,  heat  will  enable  us  to  eliminate 
light,  electricity,  magnetism,  and  chemical 
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action ;  chemical  action  will  educe  light, 
electricity,  and  heat.  In  this  way  we  find 
that  all  the  forces  in  nature  tend  to  form 
mutually  dependent  systems ;  and  as  the 
motion  of  one  star  affects  another,  so  force 
in  action  liberates  and  renders  evident 
forces  previously  tranquil. 

We  say  tranquil,  and  yet  the  word  is 
almost  without  meaning  in  the  Cosmos. — 
Where  do  we  find  tranquillity  ?  The  sea, 
the  seat  of  animal,  vegetable,  and  mineral 
changes,  is  at  war  with  the  earth,  and  the 
air  lends  itself  to  the  strife.  The  globe, 
the  scene  of  perpetual  intestine  change,  is, 
as  a  mass,  acting  on,  and  acted  on,  by  the 
other  planets  of  our  system,  and  the  very 
system  itself  is  changing  its  place  in  space, 
under  the  influence  of  a  known  force 
springing  from  an  unknown  centre. 
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For  many  years  the  English  pubHc 
had  the  privilege  of  listening  to  the 
discourses  and  speculations  of  Professor 
Faraday,  at  the  Royal  Institution,  on 
Matter  and  Forces;  and  it  is  not  too  much 
to  say  that  no  lecturer  on  Physical  Science, 
since  the  time  of  Sir  Humphrey  Davy, 
was  ever  listened  to  with  more  delight. 
The  pleasure  which  all  derived  from  the 
expositions  of  Faraday  was  of  a  somewhat 
different. kind  from  that  produced  by  any 
other  philosopher  whose  lectures  we  have 
attended.  It  was  partially  derived  from 
his  extreme  dexterity  as  an  operator  :  with 
him  we  had  no  chance  of  apologies  for 
an  unsuccessful  experiment — no  hanging 
fire  in  the  midst  of  a  series  of  brilliant 
demonstrations,  producing  that  depressing 
tendency  akin  to  the  pain  felt  by  an 
audience  at  a  false  note  from  a  vocalist. 


PREFACE. 


All  was  a  sparkling  stream  of  eloquence 
and  experimental  illustration.  We  would 
have  defied  a  chemist  loving  his  science, 
no  matter  how  often  he  might  himself 
have  repeated  an  experiment,  to  feel 
uninterested  when  seeing  it  done  by 
Faraday. 

The  present  publication  presents  one  or 
two  points  of  interest.    In  the  first  place, 
the  Lectures  were  especially  intended  for 
young  persons,  and  are  therefore  as  free 
as  possible  from  technicalities ;  and  in  the 
second  place,  they  are  printed  as  they 
were  spoken,  verbatim  et  literatim.  A 
careful   and  skilful   reporter  took  them 
down ;  and  the  manuscript,  as  deciphered 
from  his  notes,  was   subsequently  most 
carefully  corrected  by  the  Editor  as  re- 
gards any  scientific  points  which  were  not 
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clear  to  the  short-hand  writer;  hence  all 
that  is  different  arises  solely  from  the 
impossibility,  alas!  of  conveying-  the  man- 
ner as  well  as  the  matter  of  the  Lecturer. 

May  the  readers  of  these  Lectures  derive 
one-tenth  of  the  pleasure  and  instruction 
from  their  perusal  which  they  gave  to 
those  who  had  the  happiness  of  hearing 
theni! 
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LECTURE  I. 

THE   FORCE   OF  GRAVITATION. 

TT  grieves  me  much  to  think  that  I  may 
have  been  a  cause  of  disturbance  in  your 
Christmas  arrangements  ('),  for  nothing  is  more 
satisfactory  to  my  mind  than  to  perform  what 
I  undertake;  but  such  things  are  not  always 
left  in  our  own  power,  and  we  must  submit 
to  circumstances  as  they  are  appointed.  I  will 
to-day  do  my  best,  and  will  ask  you  to  bear 
with  me  if  I  am  unable  to  give  more  than  a 
few  words;  and  as  a  substitute,  I  will  endeavour 
to  make  the  ilbistrations  of  the  sense  I  try  to 
express  as  full  as  possible;  and  if  we  find  by 
the  end  of  this  lecture  that  we  may  be 
justified  in  continuing  them,  thinking  that  next 
week  our  power  shall  be  greater,— why,  then, 
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with  submission  to  you,  we  will  take  such 
course  as  you  may  think  fit, — either  to  go  on, 
or  discontinue  them  :  and  although  I  now 
feel  much  weakened  by  the  pressure  of 
illness  (a  mere  cold)  upon  me,  both  in  facility 
of  expression  and  clearness  of  thought,  I  shall 
here  claim,  as  I  always  have  done  on  these 
occasions,  the  right  of  addressing  myself  to 
the  younger  members  of  the  audience.  And 
for  this  purpose,  therefore,  unfitted  as  it  may 
seem  for  an  elderly  infirm  man  to  do  so,  I 
will  return  to  second  childhood  and  become, 
as  it  were,  young  again  amongst  the  young. 

Let  us  now  consider,  for  a  little  while,  how 
wonderfully  we  stand  upon  this  world.  Here 
it  is  we  are  born,  bred,  and  live,  and  yet  we 
view  these  things  with  an  almost  entire 
absence  of  wonder  to  ourselves  respecting 
the  way  in  which  all  this  happens.  So 
small,  indeed,  is  our  wonder,  that  we  are 
never  taken  by  surprise ;  and  I  do  think 
that,  to  a  young  person  of  ten,  fifteen,  or 
twenty  years  of  age,  perhaps  the  first  sight 
of  a  cataract  or  a  mountain  would  occasion 
him  more  surprise  than  he  had  ever  felt  con- 
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cerning  the  means  of  his  own  existence, — 
how  he  came  here ;  how  he  Hves ;  by  what 
means  he  stands  upright ;  and  through  what 
means  he  moves  about  from  place  to  place. 
Hence,  we  come  into  this  world,  we  live,  and 
depart  from  it,  without  our  thoughts  being 
called  specifically  to  consider  how  all  this 
takes  place ;  and  were  it  not  for  the  exertions 
of  some  few  inquiring  minds,  who  have  looked 
i7tto  these  things  and  ascertained  the  very 
beautiful  laws  and  conditions  by  which  we  do 
live  and  stand  upon  the  earth,  we  should 
hardly  be  aware  that  there  was  anything 
wonderful  in  it.  These  inquiries,  which  have 
occupied  philosophers  from  the  earliest  days, 
when  they  first  began  to  find  out  the  laws  by 
which  we  grow,  and  exist,  and  enjoy  ourselves, 
up  to  the  present  time,  have  shewn  us  that  all 
this  was  effected  in  consequence  of  the  existence 
of  certain  forces,  or  abilities  to  do  things,  or 
pozvers,  that  are  so  common  that  nothing  can 
be  more  so;  for  nothing  is  commoner  than  the 
wonderful  powers  by  which  we  are  enabled 
to  stand  upright — they  are  essential  to  our 
existence  every  moment. 
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It  is  my  purpose  to-day  to  make  you  ac- 
quainted with  some  of  these  powers;  not  the 
vital  ones,  but  some  of  the  more  elementary, 
and,  what  we  call,  physical  powers :  and,  in  the 
outset,  what  can  I  do  to  bring  to  your  minds 
a  notion  of  neither  more  nor  less  than  that 
which  I  mean  by  the  word  power,  or  force? 
Suppose  I  take  this  sheet  of  paper,  and  place 
it  upright  on  one  edge,  resting  against  a  support 
before  me  (as  the  roughest  possible  illustration 
of  something  to  be  disturbed),  and  suppose  I 
then  pull  this  piece  of  string  which  is  attached 
to  it.  I  pull  the  paper  over.  I  have  there- 
fore brought  into  use  a  pozver  of  doing  so — 
the  power  of  my  hand  carried  on  through  this 
string  in  a  way  which  is  very  remarkable  when 
we  come  to  analyse  it;  and  it  is  by  means  of 
these  powers  conjointly  (for  there  are  several 
powers  here  employed)  that  I  pull  the  paper 
over.  Again,  if  I  give  it  a  push  upon  the 
other  side,  I  bring  into  play  a  pozver,  but  a 
very  different  exertion  of  power  from  the 
former;  or,  if  I  take  now  this  bit  of  shell-lac 
[a  stick  of  shell-lac  about  12  inches  long  and 
i-^  in  diameter]  and  rub  it  with  flannel,  and 
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hold  it  an  inch  or  so  in  front  of  the  upper 
part  of  this  upright  sheet,  the  paper  is  im- 
mediately moved  towards  the  shell-lac,  and  by 
now  drawing  the  latter  away,  the  paper  falls 
over  without  having  been  touched  by  anything. 
You  see — in  the  first  illustration  I  produced  an 
effect  than  which  nothing  could  be  commoner — 
I  pull  it  over  now,  not  by  means  of  that  string 
or  the  pull  ©f  my  hand,  but  by  some  action 
in  the  shell-lac.  The  shell-lac,  therefore,  has 
a  power  wherewith  it  acts  upon  the  sheet  of 
paper;  and  as  an  illustration  of  the  exercise 
of  another  kind  of  power,  I  might  use  gun- 
powder with  which  to  throw  it  over. 

Now,  I  want  you  to  endeavour  to  comprehend 
that  when  I  am  speaking  of  a  power  or  force, 
I  am  speaking  of  that  which  I  used  just  now 
to  pull  over  this  piece  of  paper.  I  will  not 
embarrass  you  at  present  with  the  name  of  that 
power,  but  it  is  clear  there  was  a  sometJiing  in 
the  shell-lac  which  acted  by  attraction,  and 
pulled  the  paper  over;  this,  then,  is  one  of 
those  things  which  we  call  pozuer,  or  force;  and 
you  will  now  be  able  to  recognise  it  as  such 
in  whatever  form  I  shew  it  to  you.    We  are 
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not  to  suppose  that  there  are  so  very  many 
different  powers;  on  the  contrary,  it  is  wonder- 
ful to  think  how  few  are  the  powers  by  wliich 
all  the  phenomena  of  nature  are  governed. 
There  is  an  illustration  of  another  kind  of 
power  in  that  lamp ;  tJiere  is  a  power  of  heat — 
a  power  of  doing^something,  but  not  the  same 
power  as  that  which  pulled  the  paper  over: 
and  so,  by  degrees,  we  find  that  there  are 
certain  other  powers  (not  many)  in  the  various 
bodies  around  us.  And  thus,  beginning  with  the 
simplest  experiments  of  pushing  and  pulling, 
I  shall  gradually  proceed  to  distinguish  these 
powers  one  from  the  other,  and  compare  the 
way  in  which  they  combine  together.  This 
world  upon  which  we  stand  (and  we  have  not 
much  need  to  travel  out  of  the  world  for 
illustrations  of  our  subject;  but  the  mind  of 
man  is  not  confined  like  the  matter  of  his 
body,  and  thus  he  may  and  does  travel  out- 
wards; for  wherever  his  sight  can  pierce,  there 
his  observations  can  penetrate)  is  pretty  nearly 
a  round  globe,  having  its  surface  disposed  in 
a  manner  of  which  this  terrestrial  globe  by  my 
side  is  a  rough  model;  so  much  is  land  and 
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SO  much  is  water,  and  by  looking-  at  it  here 
we  see  in  a  sort  of  map  or  picture  how  the 
world  is  formed  upon  its  surface.  Then,  when 
we  come  to  examine  further,  I  refer  you  to 
this  sectional  diagram  of  the  geological  strata 
of  the  earth,  in  which  ther6  is  a  more  elaborate 
view  of  what  is  beneath  the  surface  of  our 
globe.  And  when  we  come  to  dig  into  or 
examine  it  (as  man  does  for  his  own  instruction 
and  advantage,  in  a  variety  of  ways),  we  see 
that  it  is  made  up  of  different  kinds  of  matter, 
subject  to  a  very  few  powers,  and  all  disposed 
in  this  strange  and  wonderful  way,  which  gives 
to  man  a  history — and  such  a  history — as  to 
what  there  is  in  those  veins,  in  those  rocks, 
the  ores,  the  water  spring^,  the  atmosphere 
around,  and  all  varieties  of  material  substances, 
held  together  by  means  of  forces  in  one  great 
mass,  8,000  miles  in  diameter,  that  the  mind 
is  overwhelmed  in  contemplation  of  the  won- 
derful history  related  by  these,  strata  (some 
of  which  are  fine  and  thin  like  sheets  of 
paper), — all  formed  in  succession  by  the  forces 
of  which  I  have  spoken. 

I  now  shall  try  to  help  your  attention  to  what 
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I  may  say  by  directing,  to-day,  our  thoughts  to 
one  kind  of  power.    You  see  what  I  mean  by 
the  term  matter— 2Siy  of  these  things  that  I 
can  lay  hold  of  with  the  hand,  or  in  a  bag  (for 
I  may  take  hold  of  the  air  by  enclosing  it  in 
a  bag)— they  are  all  portions  of  matter  with 
which  we  have  to  deal  at  present,  generally  or 
particularly,  as  I  may  require  to  illustrate  my 
subject.    Here  is  the  sort  of  matter  which  we 
call  zvater,—\\.  is  there  ice  [pointing  to  a  block 
of  ice  upon  the  table],  there  water  [pointing 
to  the  water  boiling  in  a  flask],  here  vapour 
— you  see  it  issuing  out  from  the  top  [of  the 
flask].    Do  not  suppose  that  that  ice  and  that 
water  are  two  entirely  different  things,  or  that 
the  steam  rising  in  bubbles  and  ascending  in 
vapour  tJiere  is  absolutely  different  from  the 
fluid  water.    It  may  be  different  in  some  par- 
ticulars, having  reference  to  the  amounts  of 
power  which  it  contains  ;  but  it  is  the  same, 
nevertheless,  as  the  great  ocean  of  water  around 
our  globe,  and  I  employ  it  here  for  the  sake  of 
illustration,  because  if  we  look  into  it  we  shall 
find  that  it  supplies  us  with  examples  of  all  the 
powers  to  which  I  shall  have  to  refer.    For  in- 
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stance,  here  is  water — it  is  heavy;  but  let  us 
examine  it  with  regard  to  the  amount  of  its 
heaviness,  or  its  gravity.  I  have  before  me  a 
little  glass  vessel  and  scales  [nearly  equipoised 
scales,  one  of  which  contained  a  half-pint  glass 
vessel],  and  the  glass  vessel  is  at  present  the 
lighter  of  the  two ;  but  if  I  now  take  some 
water  and  pour  it  in,  you  see  that  that  side  of 
the  scales  immediately  goes  down ;  that  shews 
you  (using  common  language,  which  I  will  not 
suppose  for  the  present  you  have  hitherto  ap- 
plied very  strictly)  that  it  is  heavy:  and  if  I  put 
this  additional  weight  into  the  opposite  scale, 
I  should  not  wonder  if  this  vessel  would  hold 
water  enough  to  weigh  it  down.  [The  Lecturer 
poured  more  water  into  the  jar,  which  again 
went  down.]  Why  do  I  hold  the  bottle  above 
the  vessel  to  pour  the  water  into  it }  You  will 
say,  because  experience  has  taught  me  that  it  is 
necessary.  I  do  it  for  a  better  reason — because 
it  is  a  law  of  nature  that  the  water  should  fall 
towards  the  earth,  and  therefore  the  very  means 
which  I  use  to  cause  the  water  to  enter  the 
vessel  are  those  which  will  carry  the  whole  body 
of  water  down.    That  power  is  what  wc  call 
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gi'avity,  and  you  see  there  [pointing  to  the 
scales]  a  good  deal  of  water  gravitating  towards 
the  earth.  Now  here  [exhibiting  a  small  piece 
of  platinum  (")]  is  another  thing  which  gravi- 
tates towards  the  earth  as,  much  as  the  whole  of 
that  water.  See  what  a  little  there  is  of  it — 
that  little  thing  is  heavier  than  so  much  water 
[placing  the  metal  in  opposite  scales  to  the 
water].  What  a  wonderful  thing  it  is  to  see 
that  it  requires  so  much  water  as  that  [a  half- 
pint  vessel  full]  to  fall  towards  the  earth,  com- 
pared with  the  little  mass  of  substance  I  have 
here!  And  again,  if  I  take  this  metal  [a  bar 
of  aluminium  (J)  about  eight  times  the  bulk  of 
the  platinum],  we  find  the  water  will  balance 
that  as  well  as  it  did  the  platinum;  so  that  we 
get,  even  in  the  very  outset,  an  example  of  what 
we  want  to  understand  by  the  words  forces  or 
pozvers. 

I  have  spoken  of  water,  and  first  of  all  of  its 
property  of  falling  downwards.  You  know  very 
well  how  the  oceans  surround  the  globe — how 
they  fall  round  the  surface,  giving  roundness 
to  it,  clothing  it  like  a  garment;  but,  besides 
that,  there  are  other  properties  of  water.  Here, 
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for  instance,  is  some  quick-lime,  and  if  I  add 
some  water  to  it,  you  will  find  another  power 
or  property  in  the  water.        It  is  now  veiy 
hot,  it  is  steaming  up,  and  I  could  perhaps  light 
phosphorus  or  a  lucifer  match  with  it.  Now, 
that  could  not  happen  without  a  force  in  the 
water  to  produce  the  result;  but  that  force  is 
entirely  distinct  from  its  power  of  falling  to  the 
earth.    Again,  here  is  another  substance  [some 
anhydrous  sulphate  of  copper  (=)]  which  will 
illustrate  another  kind  of  power.    [The  Lec- 
turer here  poured  some  water  over  the  white 
sulphate  of  copper,  which  immediately  became 
blue,  evolving  considerable  heat  at  the  same 
time.]   Here  is  the  same  water,  with  a  substance 
which  heats  nearly  as  much  as  the  lime  does; 
but  see  how  differently.    So  great  indeed  is  this 
heat  in  the  case  of  lime,  that  it  is  sufficient 
sometimes  (as  you  see  here)  to  set  wood  on  fire; 
and  this   explains  what   we   have  sometimes 
heard,  of  barges  laden  with  quick-lime  taking 
fire  in  the  middle  of  the  river,  in  consequence 
of  this  power  of  heat  brought  into  play  by  a 
leakage  of  the  water  into  the  barge.    You  sec 
^ow  strangely  different  subjects  for  our  con- 
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sideration  arise,  when  we  come  to  think  over 
these  various  matters,  —  the  power  of  heat 
evolved  by  acting  upon  Hme  with  water,  and 
the  power  which  water  has  of  turning  this  salt 
of  copper  from  white  to  blue. 

I  want  you  now  to  understand  the  nature 
of  the  most  simple  exertion  of  this  power  of 
matter  called  zveight,  or  gravity.  Bodies  are 
heavy — you  saw  that  in  the  case  of  water  when 
I  placed  it  in  the  balance.  Here  I  have  what 
we  call  a  zveight  [an  iron  half  cwt.] — a  thing 
called  a  weight,  because  in  it  the  exercise  of 
that  power  of  pressing  downwards  is  especially 
used  for  the  purposes  of  weighing;  and  I  have 
also  one  of  these  little  inflated  india-rubber 
bladders,  which  are  very  beautiful  although  very 
common  (most  beautiful  things  are  common), 
and  I  am  going  to  put  the  weight  upon  it,  to 
give  you  a  sort  of  illustration  of  the  downward 
pressure  of  the  iron,  and  of  the  power  which 
the  air  possesses  of  resisting  that  pressure.  It 
may  burst,  but  we  must  try  to  avoid  that 
[During  the  last  few  observations  the  Lecturer 
had  succeeded  in  placing  the  half  cwt.  in  a  state 
of  quiescence  upon  the  inflated  india-rubber 


THE  FORCE  OF  GRAVITATION. 


25 


ball,  which  consequently  assumed  a  shape  very 
much  resembling  a  flat  cheese  with  round  edges.] 
There  you  see  a  bubble  of  air  bearing  half  a 
hundred  weight,  and  you  must  conceive  for 
yourselves  what  a  wonderful  poiuer  there  must 
be  to  pull  this  weight  downwards,  to  sink  it 
thus  in  the  ball  of  air. 

Let  me  now  give  you  another  illustration  of 
this'  power.  You  know  what  a  pendulum  is. 
I  have  one  here  (fig.  i),  and  if  I  set  it  swinging, 
it  will  continue  to  swing  to  and  fro.  Now,  I 
wonder  whether  you  can  tell  me  why  that  body 
oscillates  to  and  fro— that  pendulum  bob  as  it 


Fig.  I. 

is  sometimes  called.  Observe,  if  I  hold  the 
straight  stick  horizontally,  as  high  as  the  posi- 
tion of  the  balls  at  the  two  ends  of  its  journey 

c 
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you  see  that  the  ball  is  in  a  higher  position  at 
the  two  extremities  than  it  is  when  in  the 
middle.  Starting  from  one  end  of  the  stick, 
the  ball  falls  towards  the  centre;  and  then 
rising  again  to  the  opposite  end,  it  constantly 
tries  to  fall  to  the  lowest  point,  swinging  and 
vibrating  most  beautifully,  and  with  wonderful 
properties  in  other  respects— the  time  of  its 
vibration,  and  so  on — but  concerning  which  we 
will  not  now  trouble  ourselves. 

If  a  gold  leaf,  or  piece  of  thread,  or  any 
other  substance,  were  hung  where  this  ball  is, 
it  would  swing  to  and  fro  in  the  same  manner, 
and  in  the  same  time  too.  Do  not  be  startled 
at  this  statement :  I  repeat,  in  the  same  manner 
and  in  the  same  time ;  and  you  will  see  by  and 
by  how  this  is.  Now,  that  power  which  caused 
the  water  to  descend  in  the  balance — which 
made  the  iron  weight  press  upon  and  flatten 
the  bubble  of  air— which  caused  the  swinging  to 
and  fro  of  the  pendulum,— that  power  is  entirely 
due  to  the  attraction  which  there  is  between 
the  falling  body  and  the  earth.  Let  us  be  slow 
and  careful  to  comprehend  this.  It  is  not  that 
the  earth  has  any  particular  attraction  towards 
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bodies  which  fall   to   it,  but,  that  all  these 
bodies  possess  an  attraction,  every  one  towards 
the  other.    It  is  not  that  the  earth  has  any 
special  power  which  these  balls  themselves  have 
not;  for  just  as  much  power  as  the  earth  has 
to  attract  these  two  balls  [dropping  two  ivory 
balls],  just  so  much  power  have  they  in  propor- 
tion to  their  bulks  to  draw  themselves  one  to 
the  other;  and  the  only  reason  why  they  fall 
so  quickly  to  the  earth  is  owing  to  its  greater 
size.    Now,  if  I  were  to  place  these  two  balls 
near  together,  I  should  not  be  able,  by  the  most 
delicate  arrangement  of  apparatus,  to  make  you, 
or  myself,  sensible  that  these  balls  did  attract 
one  another:  and  yet  we  know  that  such  is  the 
case,  because,  if  instead  of  taking  a  small  ivory 
ball,  we  take  a  mountain,  and  put  a  ball  like 
this  near  it,  we  find  that,  owing  to  the  vast  size 
of  the  mountain,  as  compared  with  the  billiard 
ball,  the  latter  is  drawn  slightly  towards  it; 
shewing  clearly  that  an  attraction  docs  exist, 
just  as  it  did  between  the  shell-lac  which  I 
rubbed  and  the  piece  of  paper  which  was  over- 
turned by  it. 

Now,  it  is  not  very  easy  to  make  these  things 
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quite  clear  at  the  outset,  and  I  must  take  care 
not  to  leave  anything  unexplained  as  I  proceed ; 
and,  therefore,  I  must  make  you  clearly  under- 
stand that  all  bodies  are  attracted  to  the  earth, 
or,  to  use  a  more  learned  term,  gravitate.  You 
will  not  mind  my  using  this  word ;  for  when  I 
say  that  this  penny-piece  gravitates,  I  mean 
nothing  more  nor  less  than  that  it  falls  towards 
the  earth,  and  if  not  intercepted,  it  would  go  on 
falling,  falling,  until  it  arrived  at  what  we  call 
the  centre  of  gravity  of  the  earth,  which  I  will 
explain  to  you  by  and  by. 

I  want  you  to  understand  that  this  property 
of  gravitation  is  never  lost,  that  every  substance 
possesses  it,  that  there  is  never  any  change  in 
the  quantity  of  it;  and,  first  of  all,  I  will  take 
as  illustration  a  piece  of  marble.  Now  this 
marble  has  weight — as  you  will  see  if  I  put  it 
in  these  scales  ;  it  weighs  the  balance  down, 
and  if  I  take  it  off,  the  balance  goes  back  again 
and  resumes  its  equilibrium.  I  can  decompose 
this  marble  and  change  it,  in  the  same  manner 
as  I  can  change  ice  into  water  and  water  into 
steam.  I  can  convert  a  part  of  it  into  its  ozun 
steam  easily,  and  shew  you  that  this  steam  from 
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the  marble  has  the  property  of  remaining  in  the 
same  place  at  common  temperatures,  which 
ivater-si^2.va.  has  not.  If  I  add  a  little  liquid  to 
the  marble,  and  decompose  it  i^),  I  get  that 
which  you  see — [the  Lecturer  here  put  several 
lumps  of  marble  into  a  glass  jar,  and  poured 
water  and  then  acid  over  them;  the  carbonic 
acid  immediately  commenced  to  escape  with 
considerable  effervescence] — the  appearance  of 
boiling,  vj-hich  is  only  the  separation  of  one  part 
of  the  marble  from  another.  Now  this  [marble] 
steam,  and  that  [water]  steam,  and  all  other 


Fig.  2. 


steams  gravitate,  just  like  any  other  substance 
does— they  all  are  attracted  the  one  towards  the 
other,  and  all  fall  towards  the  earth ;  and  what 
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I  want  you  to  see  is,  that  tliis  steam  gravitates. 
I  have  here  (fig.  2)  a  large  vessel  placed  upon 
a  balance,  and  the  moment  I  pour  this  steam 
into  it,  you  see  that  the  steam  gravitates.  Just 
watch  the  index,  and  see  whether  it  tilts  over 
or  not.  [The  Lecturer  here  poured  the  carbonic 
acid  out  of  the  glass  in  which  it  was  being 
generated  into  the  vessel  suspended  on  the 
balance,  when  the  gravitation  of  the  carbonic 
acid  was  at  once  apparent.]  Look  how  it  is 
going  down.  How  pretty  that  is!  I  poured 
nothing  in  but  the  invisible  steam,  or  vapour, 
or  gas  which  came  from  the  marble,  but  you  see 
that  part  of  the  marble,  although  it  has  taken 
the  shape  of  air,  still  gravitates  as  it  did  before. 
Now,  will  it  weigh  down  that  bit  of  paper } 
[Placing  a  piece  of  paper  in  the  opposite  scale.] 
Yes,  more  than  that;  it  nearly  weighs  down 
this  bit  of  paper.  [Placing  another  piece  of 
paper  in.]  And  thus  you  see  that  other  forms 
of  matter  besides  solids  and  liquids  tend  to  fall 
to  the  earth;  and,  therefore,  you  will  accept 
from  me  the  fact— that  all  things  gravitate, 
whatever  may  be  their  form  or  condition.  Now 
jKve  is  another  chemical  test  which  is  very 
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readily  applied.  [Some  of  the  carbonic  acid 
was  poured  from  one  vessel  into  another,  and 
its  presence  in  the  latter  shewn  by  introducing 
into  it  a  lighted  taper,  which  was  immediately 
extinguished.]  You  see  from  this  result  also 
that  it  gravitates.  All  these  experiments  shew 
you  that,  tried  by  the  balance,  tried  by  pouring 
like  water  from  one  vessel  to  another,  this 
steam,  or  vapour,  or  gas,  is,  like  all  other  things, 
attracted  to  the  earth. 

There  is  another  point  I  want  in  the  next 
place  to  draw  your  attention  to.  I  have  here  a 
quantity  of  shot;  each  of  these  falls  separately, 
and  each  has  its  own  gravitating  power,  as  you 
perceive  Vv'hen  I  let  them  fall  loosely  on  a  sheet 
of  paper.  If  I  put  them  into  a  bottle,  I  collect 
them  together  as  one  mass;  and  philosophers 
have  discovered  that  there  is  a  certain  point  in 
the  middle  of  the  whole  collection  of  shots  that 
may  be  considered  as  the  one  point  in  which 
all  their  gravitating  power  is  centred,  and  that 
point  they  call  the  centre  of  gravity:  it  is  not 
at  all  a  bad  name,  and  rather  a  short  one — the 
centre  of  gravity.  Now  suppose  I  take  a  sheet 
of  pasteboard,  or  any  other  thing  easily  dealt 
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with,  and  run  a  bradawl  through  it  at  one 
corner  A  (fig.  3),  and  Mr.  Anderson  hold  that 
up  in  his  hand  before  us,  and  I  then  take  a 


piece  of  thread  and  an  ivory  ball,  and  hang 
that  upon  the  awl — then  the  centre  of  gravity 
of  both  the  pasteboard  and  the  ball  and  string 
are  as  near  as  they  can  get  to  the  centre  of 
the  earth ;  that  is  to  say,  the  whole  of  the 
attracting  power  of  the  earth  is,  as  it  were, 
centred  in  a  single  point  of  the  cardboard — 
and  this  point  is  exactly  below  the  point  of 
suspension.  All  I  have  to  do,  therefore,  is  to 
draw  a  line,  A  B,  corresponding  with  the  string, 
and  we  shall  find  that  the  centre  of  gravity  is 


B 


►J3 


Fig-  3- 


Fig.  4- 
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somewhere  in  that  line.  But  Avhere?  To  find 
that  out,  all  we  have  to  do  is  to  take  another 
place  for  the  awl  (fig.  4),  hang  the  plumb-line, 
and  make  the  same  experiment,  and  there  [at 
the  point  c]  is  the  centre  of  gravity — there 
where  the  two  lines  which  I  have  traced  cross 
each  other;  and  if  I  take  that  pasteboard,  and 
make  a  hole  with  the  bradawl  through  it  at 
that  point,  you  will  see  that  it  will  be  supported 
in  any  position  in  which  it  may  be  placed. 
Now,  knowing  that,  what  do  I  do  when  I  try 
to  stand  upon  one  leg }  Do  you  not  see  that  I 
push  myself  over  to  the  left  side,  and  quietly 
take  up  the  right  leg,  and  thus  bring  some 
central  point  in  my  body  over  this  left  leg. 
What  is  that  point  which  I  throw  over  t  You 
will  know  at  once  that  it  is  the  centre  of  gravity 
— that  point  in  me  where  the  whole  gravitating 
force  of  my  body  is  centred,  and  which  I  thus 
bring  in  a  line  over  my  foot. 

Here  is  a  toy  I  happened  to  see  the  other 
day,  which  will,  I  think,  serve  to  illustrate  our 
subject  very  well.  That  toy  oiigJit  to  lie  some- 
thing in  this  manner  (fig.  5);  and  would  do 
so  if  it  were  uniform  in  substance.    But  you 
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see  it  does  not ;  it  will  get  up  again.  And  now 
philosophy  comes  to  our  aid ;  and  I  am  per- 


fectly sure,  without  looking  inside  the  figure, 
that  there  is  some  arrangement  by  which  the 
centre  of  gravity  is  at  the  lowest  point  when 
the  image  is  standing  upright ;  and  we  may  be 
certain,  when  I  am  tilting  it  over  (see  fig.  6), 
that  I  am  lifting  up  the  centre  of  gravity  {a),  and 
raising  it  from  the  earth.  All  this  is  effected  by 
putting  a  piece  of  lead  inside  the  lower  part 
of  the  image,  and  making  the  base  of  large  cur- 
vature; and  there  you  have  the  whole  secret. 
But  what  will  happen  if  I  try  to  make  the 
figure  stand  upon  a  sharp  point.''  You  observe, 
I  must  get  that  point  exactly  under  the  centre 
of  gravity,  or  it  will  fall  over  thus  [endeavouring 
unsuccessfully  to  balance  it];  and  this  you  see 
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is  a  difficult  matter — I  cannot  make  it  stand 
steadily.  But  if  I  embarrass  this  poor  old  lady 
with  a  world  of  trouble,  and  hang  this  wire 
with  bullets  at  each  end  about  her  neck,  it  is 


Fig.  7. 


very  evident  that,  owing  to  there  being  those 
balls  of  lead  hanging  down  on  either  side,  in 
addition  to  the  lead  inside,  I  have  lowered  the 
centre  of  gravity,  and  now  she  will  stand  upon 
this  point  (fig.  7);  and  what  is  more,  she  proves 
the  truth  of  our  philosophy  by  standing  side- 
ways. 

I  remember  an  experiment  which  puzzled 


36         THE    VARIOUS  FORCES  OF  NATURE. 

me  very  much  when  a  boy.  I  read  it  in  a 
conjuring  book,  and  this  was  how  the  problem 
was  put   to  us :  "  How, "  as  the   book  said, 


Fig.  8. 


"how  to  hang  a  pail  of  water,  by  means  of 
a  stick,  upon  the  side  of  a  table"  (fig.  8). 
Now,  I  have  here  a  table,  a  piece  of  stick, 
and  a  pail,  and  the  proposition  is,  how  can 
that  pail  be  hung  to  the  edge  of  this  table.'' 
It  is  to  be  done;  and  can  you  at  all  anticipate 
what  arrangement  I  shall  make  to  enable  me 
to  succeed  Why,  this.  I  take  a  stick,  and 
put  it  in  the  pail  between  the  bottom  and 
the  horizontal  piece  of  wood,  and  thus  give 
it  a  stiff  handle — and  there  it  is ;  and  what 
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is  more,  the  more  water  I  put  into  the  pail 
the  better  it  will  hang.  It  is  very  true  that 
before  I  quite  succeeded  I  had  the  misfortune 
to  push  the  bottoms  of  several  pails  out ; 
but  here  it  is  hanging  firmly  (fig.  9),  and  you 


Fig.  9. 


now  see  how  you  can  hang  up  the  pail  in  the 
way  which  the  conjuring  books  require. 

Again,  if  you  are  really  so  inclined  (and  I  do 
hope  all  of  you  are),  you  will  find  a  great 
deal  of  philosophy  in  this  [holding  up  a  cork 
and  a  pointed  thin  stick  about  a  foot  long]. 
Do  not  refer  to  your  toy-books,  and  say 
you  have  seen  that  before.  Answer  me  rather, 
if  I  ask  you  have  you  imderstood  it  before.^ 
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It  is  an  experiment  which  appeared  very- 
wonderful  to  me  when  I  was  a  boy ;  I  used 
to  take  a  piece  of  cork  (and  I  remember,  I 
thought  at  first  that  it  was  very  important 
that  it  should  be  cut  out  in  the  shape  of  a 


man;  but  by  degrees  I  got  rid  of  that  idea), 
and  the  problem  was  to  balance  it  on  the 
point  of  a  stick.  Now,  you  will  see  I  have 
only  to  place  two  sharp-pointed  sticks  one 
on  each  side,  and  give  it  wings,  thus,  and 
you  will  find  this  beautiful  condition  fulfilled. 

We  come  now  to  another  point: — All  bodies, 
whether  heavy  or  light,  fall  to  the  earth  by 
this  force  which  we  call  gravity.     By  obser- 


THE  FORCE  OF  GRAVITATION.  39 

vation,  moreover,  we  see  that  bodies  do  not 
occupy  the  same  time  in  falling.    I  think  you 
will  be  able  to  see  that  this  piece  of  paper 
and  that  ivory  ball  fall  with  different  velocities 
to  the  table  [dropping  them];  and  if,  again, 
I  take  a  feather  and  an  ivoiy  ball,  and  let 
them   fall,  you  see  they   reach  the  table  or 
earth  at  different  times — that  is  to  say,  the 
ball  falls  faster  than  the  feather.    Now,  that 
should   not   be   so,    for   all    bodies   do  fall 
equally  fast  to  the  earth.    There  are  one  or 
two  beautiful  points  included  in  that  statement. 
First   of  all,  it  is  manifest  that  an  ounce, 
or  a  pound,  or  a  ton,  or  a  thousand  tons,  all 
fall  equally  fast,  no  one  faster  than  another: 
here  are  two  balls  of  lead,  a  veiy  light  one 
and  a  very  heavy  one,  and  you  perceive  they 
both  fall  to  the  earth  in  the  same  time.  Now, 
if  I  were  to  put  into  a  little  bag  a  number 
of  these  balls  sufficient  to  make  up  a  bulk 
equal  to  the  large  one,  they  would  also  fall 
in  the  same  time ;  for  if  an  avalanche  fall  from 
the    mountains,    the   rocks,    snow  and  ice, 
together  falling  towards  the  earth,  fall  with 
the  same  velocity,  whatever  be  their  size. 
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I  cannot  take  a  better-  illustration  of  this 
than  that  of  gold  leaf,  because  it  brings  before 
us  the  reason  of  this  apparent  difference  in  the 
time  of  the  fall.    Here  is  a  piece  of  gold- 
leaf.    Now,  if  I   take   a  lump  of  gold  and 
this   gold-leaf,  and  let  them  fall  through  the 
air  together,  you  see  that  the  lump  of  gold — 
the  sovereign,  or  coin — will  fall  much  faster 
than  the  gold  leaf    But  why.''    They  are  both 
gold,  whether  sovereign  or  gold-leaf  Why 
should  they  not  fall  to  the  earth  with  the  same 
quickness.?    They  zvould  do  so,  but  that  the  air 
around  our  globe  interferes  very  much  where 
we  have  the  piece  of  gold  so  extended  and 
enlarged  as  to  offer  much  obstruction  on  faUing 
through  it.     I  will,  however,  shew  you  that 
p-old-leaf  does  fall  as  fast  when  the  resistance 
of  the  air  is  excluded — for  if  I  take  a  piece 
of  gold-leaf  and  hang  it  in  the  centre '  of  a 
bottle,  so  that  the  gold,  and  the  bottle,  and 
the  air  within  shall  all  have  an  equal  chance 
of  falling,  then  the   gold-leaf  will  fall  as  fast 
as  anything  else.    And  if  I  suspend  the  bottle 
containing  the  gold-leaf  to  a  string,  and  set  it 
oscillating  like  a  pendulum,  I  may  make  it 
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vibrate  as  hard  as  I  please,  and  the  gold-leaf 
will  not  be  disturbed,  but  will  swing  as  steadily 
as  apiece  of  iron  would  do;  and  I  might  even 
swing  it  round  my  head  with  any  degree  of 
force,  and  it  would  remain  undisturbed.  Or  I 
can  try  another  kind  of  experiment : — if  I  raise 
the  gold-leaf  in  this  way  [pulling  the  bottle  up 
to  the  ceiling  of  the  theatre  by  means  of  a 
cord  and  pulley,  and  then  suddenly  letting  it 
fall  to  within  a  few  inches  of  the  lecture-table], 
and  allow  it  then  to  fall  from  the  ceiling  down- 
wards (I  will  put  something  beneath  to  catch 
it,  supposing  I  should  be  maladroit),  you  will 
perceive  that  the  gold-leaf  is  not  in  the  least 
disturbed.  The  resistance  of  the  air  having- 
been  avoided,  the  glass  bottle  and  gold-leaf  all 
fall  exactly  in  the  same  time. 

Here  is  another  illustration, — I  have  hung 
a  piece  of  gold-leaf  in  the  upper  part  of  this 
long  glass  vessel,  and  I  have  the  means,  by  a 
little  arrangement  at  the  top,  of  letting  the 
gold-leaf  loose.  Before  we  let  it  loose  we  will 
remove  the  air  by  means  of  an  air  pump, 
and  while  that  is  being  done,  let  me  shew 
you   another  experiment  of  the  same  kind. 

D 
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Take  a  penny-piece,  or  a  half-crown,  and  a 
round  piece  of  paper  a  trifle  smaller  in  diameter 
than  the  coin,  and  tiy  them,  side  by  side,  to 
see  whether  they  fall  at  the  same  time  [dropping 
them].  You  see  they  do  not — the  penny-piece 
goes  down  first.  But,  now  place  this  paper  flat 
on  the  top  of  the  coin,  so  that  it  shall  not  meet 
with  any  resistance  from  the  air,  and  upon  then 
dropping  them  you  see  they  do  both  fall  in 
the  same  time  [exhibiting  the  effect].  I  dare 
say,  if  I  were  to  put  this  piece  of  gold-leaf, 
instead  of  the  paper,  on  the  coin,  it  would  do 
as  well.  It  is  veiy  difficult  to  lay  the  gold- 
leaf  so  flat  that  the  air  shall  not  get  under  it 
and  lift  it  up  in  falling,  and  I  am  rather  doubt- 
ful as  to  the  success  of  this,  because  the  gold 
leaf  is  puckery;  but  will  risk  the  experiment. 
There  they  go  together!  [letting  them  fall]  and 
you  see  at  once  that  they  both  reach  the  table 
at  the  same  moment. 

We  have  now  pumped  the  air  out  of  the 
vessel,  and  you  will  perceive  that  the  gold-leaf 
will  fall  as  quickly  in  this  vacuum  as  the  coin 
does  in  the  air.  I  am  now  going  to  let  it  loose, 
and  you  must  watch  to  see  how  rapidly  it  falls. 
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There!  [letting  the  gold  loose]  there  it  is,  falling 
as  gold  should  fall. 

I  am  sorry  to  see  our  time  for  parting  is 
drawing  so  near.    As  we  proceed,  I  intend  to 
write  upon  the  board  behind  me  certain  words, 
so  as  to  recall  to  your  minds  what  we  have 
already  examined — and  I  put  the  word  FORCES 
as  a  heading;  and  I  will  then  add,  beneath,  the 
names  of  the  special  forces  according  to  the 
order  in  which  we  consider  them :  and  althoueh 
I  fear  that  I  have  not  sufficiently  pointed  out 
to  you  the  more  important  circumstances  con- 
nected with  this  force  of  Gravitation,  espe- 
cially the  law  which  governs  its  attraction  (for 
which,  I  think,  I  must  take  up  a  little  time 
at  our  next  meeting),  still  I  will  put  that  word 
on  the  board,  and  hope  you  will  now  remember 
that  we  have  in  some  degree  considered  the 
force  of  graviiatio7t~\.hat  force  which  causes 
all  bodies  to  attract  each  other  when  they  are 
at  sensible  distances  apart,  and  tends  to  draw 
them  together. 


LECTURE  II. 


GRAVITATION — COHESION. 
O  me  the  favour  .to  pay  me  as  much  at- 


^—^  tention  as  you  did  at  our  last  meeting, 
and  I  shall  not  repent  of  that  which  I  have 
proposed  to  undertake.  It  will  be  impossible 
for  us  to  consider  the  Laws  of  Nature,  and 
what  they  effect,  unless  we  now  and  then  give 
our  sole  attention,  so  as  to  obtain  a  clear  idea 
ypon  the  subject.  Give  me  now  that  attention, 
and  then,  I  trust,  we  shall  not  part  without  your 
knowing  something  about  those  Laws,  and  the 
planner  in  which  they  act.  You  recollect,  upon 
the  last  occasion,  I  explained  that  all  bodies 
attracted  each  other,  and  that  this  power 
called  gravitation.  I  told  you  that  when  wc 
brought  these  two  bodies  [two  equal  sized 
ivory  balls  suspended  "by  threads]  near  to- 
gether, they  attracted  each  other,  and  that 
we  might  suppose  that  the  whole  power  of 
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this    attraction    was    exerted    between  their 
respective  centres  of  gravity ;  and  furthermore, 
you  learned  from  me,  that  if,  instead  of  a  small 
ball,  I  took  a  larger  one,  like  that  [changing 
one   of  the   balls   for   a  much   larger  one], 
there  was  much  more  of  this  attraction  ex- 
erted ;  or,  if  I  made  this  ball  larger  and  larger, 
until,  if  it  were  possible,  it  became  as  large  as 
the  Earth  itself— or,  I  might  take  the  Earth 
itself  as  the  large  ball — that  then  the  attraction 
would  become  so  powerful  as  to  cause  them 
to  rush  together  in  this  manner  [dropping  the 
ivory  ball].    You  sit  there  upright,  and  I  stand 
upright  here,  because  we  keep  our  centres  of 
gravity  properly  balanced  with  respect  to  the 
earth;  and  I  need  not  tell  you  that  on  the 
other  side  of  this  world  the  people  are  standing 
and  moving  about  with  their  feet  towards  our 
feet,  in  a  reversed  position  as  compared  with 
us,  and  all  by  means  of  this  power  of  gravitation 
to  the  centre  of  the  earth. 

I  must  not,  however,  leave  the  subject  of 
gravitation,  without  telling  you  something  about 
its  laws  and  regularity;  and  first,  as  regards  its 
power  with  respect  to  the  distance  that  bodies 
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are  apart.  If  I  take  one  of  these  balls  and 
place  it  within  an  inch  of  the  other,  they  attract 
each  other  with  a  certain  power.  If  I  hold  it 
at  a  greater  distance  off,  they  attract  with 
less  power;  and  if  I  hold  it  at  a  greater  distance 
still,  their  attraction  is  still  less.  Now  this 
fact  is  of  the  greatest  consequence ;  for,  know- 
ing this  law,  philosophers  have  discovered 
most  wonderful  things.  You  know  that  there 
is  a  planet,  Uranus,  revolving  round  the  sun 
with  us,  but  eighteen  hundred  millions  of  miles 
off ;  and  because  there  is  another  planet  as 
far  off  as  three  thousand  millions  of  miles, 
this  law  of  attraction,  or  gravitation,  still  holds 
good — and  philosophers  actually  discovered  this 
latter  planet,  Neptune,  by  reason  of  the  effects 
of  its  attraction  at  this  overwhelming  distance. 
Now  I  want  you  clearly  to  understand  what 
this  law  is.  They  say  (and  they  are  right) 
that  two  bodies  attract  each  other  inversely  as 
the  square  of  the  distance — a  sad  jumble  of 
words  until  you  understand  them  ;  but  I  think 
we  shall  soon  comprehend  what  this  law  is, 
and  what  is  the  meaning  of  the  "inverse  square 
of  the  distance." 
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I  have  here  (fig.  ii)  a  lamp  A,  shining  most 
intensely  upon  this  disc,  B,  C,  D;  and  this  light 
acts  as  a  sun  by  which  I  can  get  a  shadow  from 
this  little  screen,  B  F  (merely  a  square  piece  of 
card,  which,  as  you  know,  when  I  place  it  close 
to  the  large  screen,  just  shadows  as  much  of 
it  as  is  exactly  equal  to  its  own  size.  But  now 
let  me  take  this  card  E,  which  is  equal  to  the 


Fig.  II. 


other  one  in  size,  and  place  it  midway  between 
the  lamp  and  the  screen:  now  look  at  the  size 
of  the  shadow  B  D— it  is  four  times  the  orieinal 
size.  I-Iere,  then,  comes  the  "  inverse  square  of 
the  distance."  This  distance,  A  E,  is  one,  and 
that  distance,  A  B,  is  (zvo;  but  that  size  E  beinsr 
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one,  this  size  B  D  of  shadow  is  four  instead  of 
two,  which  is  the  square  of  the  distance;  and, 
if  I  put  the  screen  at  onfe-third  of  the  distance 
from  the  lamp,  the  shadow  on  the  large  screen 
would  be  nine  times  the  size.    Again,  if  I  hold 
this  screen  here,  at  B  F,  a  certain  amount  of 
light  falls  on  it;  and  if  I  hold  it  nearer  the 
lamp  at  E,  more  light  shines  upon  it.  And 
you  see  at  once  how  much — exactly  the  quan- 
tity which  I  have  shut  off  from  the  part  of  this 
screen,  B  D,  now  in  shadow;  moreover,  you  see 
that  if  I  put  a  single  screen  here,  at  G,  by  the 
side  of  the  shadow,  it  can  only  receive  one- 
fourth  of  the   proportion  of  light  which  is 
obstructed.    That,  then,  is  what  is  meant  by 
the  inverse  of  the  square  of  the. distance.  This 
screen  E  is  the  brightest,  because  it  is  the 
nearest;  and  there  is  the  whole  secret  of  this 
curious  expression,  inversely  as  the  square  of  the 
distance.    Now,  if  you  cannot  perfectly  recollect 
this  when  you  go  home,  get  a  candle  and  throw 
a  shadow  of  something— your  profile,  if  you  like 

 on  the  wall,  and  then  recede  or  advance,  and 

you.  will  find  that  your  shadow  is  exactly  in 
proportion  to  the  square  of  the  distance  you 
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are  off  the  wall;  and  then  if  you  consider  hov/ 
much  light  shines  on  you  at  one  distance,  and 
how  much  at  another,  you  get  the  inverse 
accordingly.  So  it  is  as  regards  the  attraction 
of  these  two  balls — they  attract  according  to 
the  square  of  the  distance,  inversely.  I  want 
you  to  tiy  and  remember  these  words,  and  then 
you  will  be  able  to  go  into  all  the  calculations 
of  astronomers  as  to  the  planets  and  other 
bodies,  and  tell  why  they  move  so  fast,  and 
why  they  go  round  the  sun  without  falling  into 
it,  and  be  prepared  to  enter  upon  many  other 
interesting  inquiries  of  the  like  nature. 

Let  us  now  leave  this  subject  which  I  have 
written  upon  the  board  under  the  word  FORCE 
—Gravitation— and  go  a  step  further.  All 
bodies  attract  each  other  at  sensible  distances. 
I  shewed  you  the  electric  attraction  on  the  last 
occasion  (though  I  did  not  call  it  so);  that 
attracts  at  a  distance:  and  in  order  to  make 
our  progress  a  little  more  gradual,  suppose  I 
take  a  few  iron  particles  [dropping  some  small 
fragments  of  iron  on  the  table].  There,  I  have 
already  told  you  that  in  all  cases  where  bodies 
fall,  it  is  the  particles  that  are  attracted.  You 
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may  consider  these  then  as  separate  particles 
magnified,  so  as  to  be  evident  to  your  sight; 
they  are  loose  from  each  other — they  all  gravi- 
tate— they  all  fall  to  the  earth — for  the  force 
of  gravitation  never  fails.  Now,  I  have  here 
a  centre  of  power  which  I  will  not  name  at 
present,  and  when  these  particles  are  placed 
upon  it,  see  what  an  attraction  they  have  for 
each  other. 

Here  I  have  an  arch  of  iron  filings  (fig.  12) 


Fig.  12. 


regularly  built  up  like  an  iron  bridge,  because 
I  have  put  them  within  a  sphere  of  action  which 
will  cause  them  to  attract  each  other.  See!— 
I  could  let  a  mouse  run  through  it,  and  yet  if  I 
try  to  do  the  same  thing  with  them  here  [on 
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the  table],  they  do  not  attract  each  other  at  all. 
It  is  that  [the  magnet]  which  makes  them  hold 
together.    Now,  just  as  these  iron  particles  hold 
together  in  the  form  of  an  elliptical  bridge,  so 
do  the  different  particles  of  iron  which  con- 
stitute this  nail  hold  together  and  make  it  one. 
And  here  is  a  bar  of  iron — why,  it  is  only 
because  the  different  parts  of  this  iron  are  so 
wrought  as  to  keep  close  together  by  the  attrac- 
tion bcHveen  the  particles  that  it  is  held  together 
in  one  mass.    It  is  kept  together,  in  fact,  merely 
by  the  attraction  of  one  particle  to  another,  and 
that  is  the  point  I  want  now  to  illustrate.    If  I 
take  a  piece  of  flint  and  strike  it  with  a  hammer, 
and  break  it  thus  [breaking  off  a  piece  of  the 
flint],  I  have  done  nothing  more  than  separate 
the  particles  which  compose  these  two  pieces  so 
far  apart,  that  there  attraction  is  too  weak  to 
cause  them  to  hold  together,  and  it  is  only  for 
that  reason  that  there  are  now  two  pieces  in  the 
place  of  one.    I  will  shew  you  an  experiment 
to  prove  that  this  attraction  does  still  exist  in 
those  particles,  for  here  is  a  piece  of  glass  (for 
what  was  true  of  the  flint  and  the  bar  of  iron 
is  true  of  the  piece  of  glass,  and  is  true  of 
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every  other  solid — they  are  all  held  together  in 
the  lump  by  the  attraction  between- their  parts), 
and  I  can  shew  you  the  attraction  between  its 
separate  particles;  for  if  I  take  these  portions 
of  glass^  which  I  have  reduced  to  very  fine 
powder,  you  see  that  I  can  actually  build  them 
up  into  a  solid  wall  by  pressure  between  two 
flat  surfaces.     The  power  which  I  thus  have 
of  building  up  this  wall  is  due  to  the  attrac- 
tion of  the  particles,  forming  as  it  were  the 
cement  which  holds  them  together;  and  so  in 
this  case,  where  I  have  taken  no  veiy  great 
pains  to  bring  the  particles  together,  you  see 
perhaps  a  couple  of  ounces  of  finely-pounded 
glass  standing  as  an  upright  wall.    Is  not  this 
attraction  most  wonderful.?     That  bar  of  iron 
one  inch  square  has  such  power  of  attraction 
in  its  particles— giving  to  it  such  strength— 
that  it  will  hold  up  twenty  tons  weight  before 
the  little  set  of  particles  in  the  small  space, 
equal  to  one  division  across  which  it  can  be 
pulled  apart,  will  separate.     In  this  manner 
suspension  bridges  and  chains  are  held  together 
by  the  attraction  of  their  particles;  and  I  am 
going  to  make  an  experiment  which  will  shew 
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how  strong  is  this  attraction  of  the  particles. 
[The  Lecturer  here  placed  his  foot  on  a  loop 
of  wire  fastened  to  a  support  above,  and  swung 
with  his  whole  weight  resting  upon  it  for  some 
moments.]  You  see  while  hanging  here  all 
my  weight  is  supported  by  these  little  particles 
of  the  wire,  just  as  in  pantomimes  they  some- 
times suspend  gentlemen  and  damsels. 

How  can  we  make  this  attraction  of  the  par- 
ticles a  little  more  simple.?    There  are  many 
things  which  if  brought  together  properly  will 
shew  this  attraction.     Here  is  a  boy's  experi- 
ment (and  I  like  a  boy's  experiment).    Get  a 
tobacco-pipe,  fill  it  with  lead,  melt  it,  and  then 
pour  it  out  upon  a  stone,  and  thus  get  a  clean 
piece  of  lead  (this  is  a  better  plan  than  scraping 
it — scraping  alters  the  condition  of  the  surface 
of  the  lead)..  I  have  here  some  pieces  of  lead 
which  I  melted  this  morning  for  the  sake  of 
making  them  clean.    Now  these  pieces  of  lead 
hang  together  by  the  attraction  of  their  par- 
ticles; and  if  I  press  these  two  separate  pieces 
close  together,  so  as  to  bring  their  particles 
within  the  sphere  of  attraction,  you  will  see  how 
soon  they  become  one.    I  have  merely  to  give 
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them  a  good  squeeze,  and  draw  the  upper  piece 
shghLly  round  at  the  same  time,  and  here  they 
are  as  one,  and  all  the  bending  and  twisting 
I  can  give  them  will  not  separate  them  again : 
I  have  joined  the  lead  together,  not  with  solder, 
but  simply  by  means  of  the  attraction  of  the 
particles. 

This,  however,  is  not  the  best  way  of  bringing 
those  particles  together — we  have  many  better 
plans  than  that ;  and  I  will  shew  you  one  that 
will  do  very  well  for  juvenile  experiments. 
There  is  some  alum  crystallised  very  beautifully 
by  nature  (for  all  things  are  far  more  beautiful 
in  their  natural  than  their  artificial  form),  and 
here  I  have  some  of  the  same  alum  broken  into 
fine  powder.  In  it  I  have  destroyed  that  force 
of  which  I  have  placed  the  name  on  this  board 

 Cohesion,  or  the  attraction  exerted  between 

the  particles  of  bodies  to  hold  them  together. 
Now  I  am  going  to  shew  you  that  if  we  take 
this  powdered  alum  and  some  hot  water,  and 
mix  them  together,  I  shall  dissolve  the  alum- 
all  the  particles  will  be  separated  by  the  water 
far  more  completely  than  they  are  here  in  the 
powder;  but  then,  being  in  the  water,  they  will 
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have  the  opportunity  as  it  cools  (for  that  is 
the  condition  which  favours  their  coalescence) 
of  uniting  together  again  and  forming  one 
mass.  (') 

Now,  having  brought  the  alum  into  solution, 
I  will  pour  it  into  this  glass  basin,  and  you  will, 
to-morrow,  find  that  those  particles  of  alum 
which  I  have  put  into  the  water,  and  so  separated 
that  they  are  no  longer  solid,  will,  as  the  water 
cools,  come  together  and  cohere,  and  by  to- 
morrow morning  we  shall  have  a  great  deal  of 
the  alum  ciystallised  out— that  is  to  say,  come 
back  to  the  solid  form.    [The  Lecturer  here 
poured  a  little  of  the  hot  solution  of  alum  into 
the  glass  dish,  and  when  the  latter  had  thus 
been  made  warm,  the  remainder  of  the  solution 
was  added.]    I  am  now  doing  that  which  I  ad- 
vise you  to  do  if  you  use  a  glass  vessel,  namely, 
warming  it  slowly  and  gradually;  and  in  repeat- 
ing this  experiment,  do  as  I  do— pour  the  liquid 
out  gently,  leaving  all  the  dirt  behind  in  the 
basin  :  and  remember  that  the  more  carefully 
and  quietly  you  make  this  experiment  at  home, 
the  better  the  crystals.    To-morrow  you  will 
see  the  particles  of  alum  drawn  together;  and 


S6         THE  VARIOUS  FORCES  OF  NATURE. 


if  I  put  two  pieces  of  coke  in  some  part  of  the 
solution  (the  coke  ought  first  to  be  washed  very- 
clean,  and  dried),  you  will  find  to-morrow  that 
we  shall  have  a  beautiful  crystallisation  over 
the  coke,  making  it  exactly  resemble  a  natural 
mineral. 

Now,  how  curiously  our  ideas  expand  by 
watching  these  conditions  of  the  attraction  of 
cohesion ! — how  many  new  phenomena  it  gives 
us  beyond  those  of  the  attraction  of  gravitation! 
See  how  it  gives  us  great  strength.  The  things 
we  deal  with  in  building  up  the  structures  on 
the  earth  are  of  strength  (we  use  iron,  stone, 
and  other  things  of  great  strength);  and  only 
think  that  all  thoSe  structures  you  have  about 
you- — think  of  the  "  Great  Eastern,"  if  you  please, 
which  is  of  such  size  and  power  as  to  be  almost 
more  than  man  can  manage — are  the  result  of 
this  power  of  cohesion  and  attraction. 

I  have  here  a  body  in  which  I  believe  you 
will  see  a  change  taking  place  in  its  condition 
of  cohesion  at  the  moment  it  is  made.  It  is  at 
first  yellow,  it  then  becomes  a  fine  crimson  red. 
Just  watch  when  I  pour  these  two  liquids 
together  —  both    colourless   as  water.  [The 
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Lecturer  here  mixed  together  solutions  of  per- 
chloride  of  mercuiy  and  iodide  of  potassium, 
when  a  yellow  precipitate  of  biniodide  of  mer- 
cury fell  down,  which  almost  immediately  became 
crimson  red.]    Now,  there  is  a  substance  which 
is  very  beautiful,  but  see  how  it  is  changing 
colour.     It  was  reddish-yellow  at  first,  but  it 
has  now  become  red.  f)    I  have  previously  pre- 
pared a  little  of  this  red  substance,  which  you  see 
formed  in  the  liquid,  and  have  put  some  of  it 
upon  paper.  [Exhibiting  several  sheets  of  paper 
coated  with  scarlet  biniodide  of  mercuiy.  (')] 
There  it  is — the  same  substance  spread  upon 
paper;  and  there,  too,  is  the  same  substance;  and 
here  is  some  more  of  it  [exhibiting  a  piece  of 
paper  as  large  as  the  other  sheets,  but  having 
only  veiy  little  red  colour  on  it,  the  greater 
part  being  yellow],  a  little  more  of  it,  you  will 
say.    Do  not  be  mistaken;  there  is  as  much 
upon  the  surface  of  one  of  these  pieces  of  paper 
as  upon  the  other.    What  you  see  3/ellow  is 
the  same  thing  as  the  red  body,  only  the  attrac- 
tion of  cohesion  is  in  a  certain  degree  changed; 
for  I  will  take  this  red  body,  and  apply  heat  to 

it  (you  may  perhaps  sec  a  little  smoke  arise, 

E 
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but  that  is  of  no  consequence),  and  if  you  look 
at  it,  it  will  first  of  all  darken — but  see,  how  it 
is  becoming  yellow.    I  have  now  made  it  all 
yellow,  and  what  is  more,  it  will  remain  so ;  but 
if  I  take  any  hard  substance,  and  rub  the  yellow 
part  with  it,  it  will  immediately  go  back  again 
to  the  red  condition.    [Exhibiting  the  experi- 
ment.]   There  it  is.    You  see  the  red  is  not 
put  back,  but  brought  back  by  the  change  in 
the  substance.    Now  [warming  it  over  the  spirit 
lamp]  here  it  is  becoming  yellow  again,  and 
that  is  all  because  its  attraction  of  cohesion 
is  changed.     And  what  will  you  say  to  me 
when  I  tell  you  that  this  piece  of  common  char- 
coal is  just  the  same  thing,  only  differently 
calesced,  as  the  diamonds  which  you  wear.? 
(I  have  put  a  specimen  outside  of  a  piece  of 
straw  which  was  charred  in  a  particular  way — 
it  is  just  like  black  lead.)    Now,  this  charred 
straw,  this  charcoal,  and  these  diamonds,  are 
all  of  them  the  same  substance,  changed  but 
in  their   properties   as   respects   the  force  of 
cohesion. 

Here  is  a  piece  of  glass  [producing  a  piece  of 
plate-glass  about  two  inches  square]— (I  shall 
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v/ant  this  afterwards  to  look  to  and  examine 
its  internal  condition) — and  here  is  some  of  the 
same  sort  of  glass  differing  only  in  its  power  of 
cohesion,  because  while  yet  melted  it  has  been 
dropped  into  cold  water  [exhibiting  a  "  Prince 
Rupert's  drop  ('°)  (fig.  13)];  and  if  I  take  one 
of  these  little  tear-like  pieces  and  break  off 
ever  so  little  from  the  point,  the  whole  will  at 
once  burst  and  fall  to  pieces.  I  will  now  break 
off  a  piece  of  this.  [The  Lecturer  nipped  off  a 
small  piece  from  the  end  of  one  of  the  Rupert's 
drops,  whereupon  the  whole  immediately  fell 
to  pieces.]  There!  you  see  the  solid  glass  has 
suddenly  become  powder — and  more  than  that, 
it  has  knocked  a  hole  in  the  glass  vessel  in 
which  it  was  held.  I  can  shew  the  effect 
better  in  this  bottle  of  water;  and  it  is  very 
likely  the  whole  bottle  will  go.  [A  6-oz.  vial 
was  filled  with  water,  and  a  Rupert's  drop 
placed  in  it,  with  the  point  of  the  tail  just  pro- 
jecting out ;  upon  breaking  the  tip  off,  the  drop 
burst,  and  the  shock  being  transmitted  through 
the  water  to  the  sides  of  the  bottle,  shattered 
the  latter  to  pieces.] 

Here  is  another  form  of  the  same  kind  of 
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experiment.  I  have  here  some  more  glass  which 
lias  not  been  annealed  [showing  some  thick 
glass  vessels  (")  (fig.  14],  and  if  I  take  one  of 


Yvg.  13.  Fig.  14. 


these  glass  vessels  and  drop  a  piece  of  pounded 
glass  into  it  (or  I  will  take  some  of  these  small 
pieces  of  rock  ciystal — they  have  the  advantage 
of  being  harder  than  glass),  and  so  make  the 
least  scratch  upon  the  inside,  the  whole  bottle 
will  break  to  pieces, — it  cannot  hold  together. 
[The  Lecturer  here  dropped  a  small  fragment 
of  rock  ciystal  into  one  of  these  glass  vessels, 
when  the  bottom  immediately  came  out  and  fell 
upon  the  plate.]  There!  it  goes  through,  just  as 
it  Avould  through  a  sieve. 

Now,  I  have  shewn  you  these  things  for  the 
purpose  of  bringing  your  minds  to  see  that 
bodies  are  not  merely  held  together  by  this 
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power  of  cohesion,  but  that  they  are  held  to- 
gether in  very  curious  ways.  And  suppose  I 
take  some  things  that  are  held  together  by  this 
force,  and  examine  them  more  minutely.  I 
will  first  take  a  bit  of  glass,  and  if  I  give  it 
a  blow  with  a  hammer,  I  shall  just  break  it  to 
pieces.  You  saw  how  it  was  in  the  case  of  the 
flint  when  I  broke  the  piece  off ;  a  piece  of  a 
similar  kind  would  come  off,  just  as  you  would 
expect;  and  if  I  were  to  break  it  up  still  more, 
it  would  be  as  you  have  seen,  simply  a  collec- 
tion of  small  particles  of  no  definite  shape  or 
form.  But  supposing  I  take  some  other  thing, 
this  stone  for  instance  (fig.  15)  [taking  a  piece 
of  mica  ('-)],  and  if  I  hammer  this  stone,  I  may 
batter  it  a  great  deal  before  I  can  break  it 
up.  I  may  even  bend  it  without  breaking  it; 
that  is  to  say,  I  may  bend  it  in  ojie  particular 
dir-ection  without  breaking  it  much,  although  I 
feel  in  my  hands  that  I  am  doing  it  some  in- 
jury. But  now,  if  I  take  it  by  the  edges,  I  find 
that  it  breaks  up  into  leaf  after  leaf  in  a  most 
extraordinary  manner.  Why  should  it  break  up 
like  that  Not  because  all  stones  do,  or  all 
crystals;  for  there  is  some  salt  (fig.  i6)' — you 
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know  what  common  salt  is  :  here  is  a  piece 
of  this  salt  which  by  natural  circumstances  has 
had  its  particles  so  brought  together  that  they 


Fig.  IS.  Fig.  i6.  Fig.  17. 


have  been  allowed  free  opportunity  of  combin- 
ing or  coalescing;  and  you  shall  see  what 
happens  if  I  take  this  piece  of  salt  and  break 
it.  It  does  not  break  as  flint  did,  or  as  the 
mica  did,  but  with  a  clean  sharp  angle  and  exact 
surfaces,  beautiful  and  glittering  as  diamonds 
[breaking  it  by  gentle  blows  with  a  hammer]; 
there  is  a  square  prism  which  I  may  break 
up  into  a  square  cube.  You  see  these  frag- 
ments are  all  square — one  side  may  be  longer 
than  the  other,  but  they  will  only  split  up  so  as 
to  form  square  or  oblong  pieces  with  cubical 
sides.  Now,  I  go  a  little  further,  and  I  find 
another  stone  (fig.  17)  [Iceland,  or  calc-spar]  ('^), 
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which  I  may  break  in  a  similar  way,  but  not 
with  the  same  result.  Here  is  a  piece  which  I 
have  broken  ofT,  and  you  see  thei'e  are  plain 
surfaces  perfectly  regular  with  respect  to  each 
other;  but  it  is  not  cubical — it  is  what  we  call 
a  rhomboid.  It  still  breaks  in  three  directions 
most  beautifully  and  regularly,  with  polished 
surfaces,  but  with  sloping  sides,  not  like  the 
salt.  Why  not.?  It  is  very  manifest  that  this 
is  owing  to  the  attraction  of  the  particles,  one 
for  the  other,  being  less  in  the  direction  in 
which  they  give  way  than  in  other  directions. 
I  have  on  the  table  before  me  a  number  of 
httle  bits  of  calcareous  spar,  and  I  recommend 
each  of  you  to  take  a  piece  home,  and  then 
you  can  take  a  knife  and  try  to  divide  it  in  the 
direction  of  any  of  the  surfaces  already  existing. 
You  will  be  able  to  do  it  at  once;  but  if  you 
try  to  cut  it  across  the  crystals,  you  cannot — by 
hammering,  you  may  bruise  and  break  it  up — • 
but  you  can  only  divide  it  into  these  beautiful 
little  rhomboids. 

Now  I  want  you  to  understand  a  little  more 
how  this  is — and  for  this  purpose  I  am  going 
to  use  the  electric  light  again.     You  see,  we 
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cannot  look  into  the  middle  of  a  body  like  this 
piece  of  glass.  We  perceive  the  outside  form, 
and  the  inside  form,  and  we  look  through  it; 
but  we  cannot  well  find  out  how  these  forms 
become  so:  and  I  want  you,  therefore,  to  take 
a  lesson  in  the  way  in  Avhich  we  use  a  ray  of 
light  for  the  purpose  of  seeing  what  is  in  the 
interior  of  bodies.  Light  is  a  thing  which  is, 
so  to  say,  attracted  by  eveiy  substance  that 
gravitates  (and  we  do  not  know  anything  that 
does  not).  All  matter  affects  light  more  or 
less  by  what  we  may  consider  as  a  kind  of 
attraction,  and  I  have  arranged  (fig.  i8)  a  veiy 
simple  experiment  upon  the  floor  of  the  room 
for  the  purpose  of  illustrating  this.  I  have  put 
into  that  basin  a  few  things  which  those  who 
are  in  the  body  of  the  theatre  will  not  be  able 
to  see,  and  I  am  going  to  make  use  of  this 
power,  which  matter  possesses,  of  attracting  a 
ray  cf  light.  If  Mr.  Anderson  pours  some 
water,  gently  and  steadily,  into  the  basin,  the 
water  will  attract  the  rays  of  light  downwards, 
and  the  piece  of  silver  and  the  sealing-wax 
will  appear  to  rise  up  into  the  sight  of  those 
who  were  before  not  high  enough  to  see  over 
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the  side  of  the  basin  to  its  bottom.  [Mr.  Ander- 
son here  poured  water  into  the  basin,  and  upon 
the  Lecturer  asking  whether  any  body  could 
see  the  silver  and  sealing-wax,  he  was  answered 


Fig.  18. 

by  a  general  affirmative.]  Now,  I  suppose  that 
everybody  can  see  that  they  are  not  at  all  dis- 
turbed, whilst  from  the  way  they  appear  to  have 
risen  up,  you  would  imagine  the  bottom  of  the 
basin  and  the  articles  in  it  were  two  inches 
thick,  although  they  are  only  one  of  our  small 
silver  dishes  and  a  piece  of  sealing-wax  which 
I  have  put  there.  The  light  which  now  goes 
to  you  from  that  piece  of  silver  was  obstructed 
by  the  edge  of  the  basin,  when  there  was  no 
water  there,  and  you  were  unable  to  see  any- 
thing of  it;  but  when  we  poured  in  water,  the 
rays  were  attracted  down  by  it,  over  the  edge 
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of  the  basin,  and  you  were  thus  enabled  to  see 
the  articles  at  the  bottom. 

I  have  shewn  you  this  experiment  first,  so 
that  you  might  understand  how  glass  attracts 
light,  and  might  then  see  how  other  substances, 
like  rock-salt  and  calcareous  spar,  mica,  and 
other  stones,  would  affect  the  light ;  and,  if 
Dr.  Tyndall  will  be  good  enough  to  let  us  use 
his  light  again,  we  will  first  of  all  shew  you 
how  it  may  be  bent  by  a  piece  of  glass  (fig.  19). 


Fig.  19. 


[The  electric  lamp  was  again  lit,  and  the  beam 
of  parallel  rays  of  light  which  it  emitted  was 
bent  about  and  decomposed  by  means  of  the 
prism.]  Now,  here  you  see,  if  I  send  the 
light  through  this  piece  of  plain  glass,  A,  it 
goes  straight  through,  without  being  bent, 
unless  the  glass  be  held  obliquely,  and  then 
the  phenomenon  becomes  more  complicated ; 
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but  if  I  take  this  piece  of  glass,  B  [a  prism], 
you  see  it  will  shew  a  veiy  different  effect.  It 
no  longer  goes  to  that  wall,  but  it  is  bent  to 
this  screen,  c;  and  how  much  more  beautiful  it 
is  now  [throwing  the  prismatic  spectrum  on  the 
screen].     This  ray  of  light  is  bent  out  of  its 
course  by  the  attraction  of  the  glass  upon  it. 
And  you  see  I  can  turn  and  twist  the  rays  to 
and  fro,  in  different  parts  of  the  room,  just  as 
I  please.    Now  it  goes  there,  now  here.  [The 
Lecturer  projected  the  prismatic  spectrum  about 
the  theatre.]    Here  I  have  the  rays  once  more 
bent  on  to  the  screen,  and  you  see  how  wonder- 
fully and  beautifully  that  piece  of  glass  not 
only  bends  the  light  by  virtue  of  its  attraction, 
but  actually  splits  it  up  into  different  colours. 
Now,  I  want  you  to  understand  that  this  piece 
of  glass  [the  prism]  being  perfectly  uniform  in 
its  internal  structure,  tells  us  about  the  action 
of  these  other  bodies  which  are  not  uniform 
—which  do  not  merely  cohere,  but  also  have 
within  them,  in  different  parts,  different  degrees 
of  cohesion,  and  thus  attract  and  bend  the  light 
with  vaiying  powers.     We  will  now  let  the 
light  pass  through  one  or  two  of  these  thino-s 
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which  I  Just  now  shewed  you  broke  so 
curiously;  and,  first  of  all,  I  will  take  a 
piece  of  mica.  Here,  you  see,  is  our  ray  of 
light.  We  have  first  to  make  it  what  we  call 
polarised;  but  about  that  you  need  not  trouble 
yourselves — it  is  only  to  make  our  illustration 
more  clear.  Here,  then,  we  have  our  polarised 
ray  of  light,  and  I  can  so  adjust  it  as  to  make 
the  screen  upon  Avhich  it  is  shining  either 
light  or  dark,  although  I  have  nothing  in  the 
course  of  this  ray  of  light  but  what  is  perfectly 
transparent  [turning  the  analyser  round].  I 
will  now  make  it  so  that  it  is  quite  dark;  and 
we  will,  in  the  first  instance,  put  a  piece  of 
common  glass  into  the  polarised  ray,  so  as  to 
shew  you  that  it  does  not  enable  the  light  to 
get  through.  You  see  the  screen  remains 
dark.  The  glass  then,  internally,  has  no  effect 
upon  the  light.  [The  glass  was  removed,  and 
a  piece  of  mica  introduced.]  Now,  there  is  the 
mica  which  we  split  up  so  curiously  into  leaf 
after  leaf,  and  see  how  that  enables  the  light 
to  pass  through  to  the  screen,  and  how,  as 
Dr.  Tyndall  turns  it  round  in  his  hand,  you 
have  those  different  colours,  pink,  and  purple, 
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and  green,  coming  and  going  most  beautifully 
— not  that  the  mica  is  more  transparent  than 
the  glass,  but  because  of  the  different  manner 
in  which  its  particles  are  arranged  by  the  force 
of  cohesion. 

Now  we  will  see  how  calcareous  spar  acts 
upon  this  light, — that  stone  which  split  up 
into  rhombs,  and  of  which  you  are  each  of 
you  going  to  take  a  little  piece  home.  [The 
mica  was  removed,  and  a  piece  of  calc-spar 
introduced  at  A.]  See  how  that  turns  the  light 
round  and  round,  and  produces  these  rings  and 
that   black   cross   (fig.   20).     Look   at  those 


Y'vg  20. 

colours — are  they  not  most  beautiful  for  you 
and  for  me.' — for  I  enjoy  these  things  as  much 
as  you  do.    In  what  a  wonderful  manner  Ihcy 
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open  out  to  us  the  internal  arrangement  of  the 
particles  of  this  calcareous  spar  by  the  force  of 
cohesion. 

And  now  I  will  shew  you  another  experi- 
ment.   Here  is  that  piece  of  glass  which  before 
had  no  action  upon  the  light.     You  shall  see 
what  it  will  do  when  we  apply  pressure  to  it. 
Here,  then,  we  have  our  ray  of  polarised  light, 
and  I  will  first  of  all  shew  you  that  the  glass 
has  no  effect  upon  it  in  its  ordinary  state, — 
when  I  place  it  in  the  course  of  the  light,  the 
screen  still  remains  dark.     Now,  Dr.  Tyndall 
will  press  that  bit  of  glass  between  three  little 
points,  one  point  against  two,  so  as  to  bring  a 
strain  upon  the  parts,  and  you  will  see  what 
a  curious  effect  that  has.     [Upon  the  screen 
two  white  dots  gradually  appeared.]    Ah!  these 
points  shew  the  position  of  the  strain — in  these 
parts  the  force  of  cohesion  is  being  exerted  in 
a  different  degree  to  what  it  is  in  the  other 
parts,  and  hence  it  allows  the  light  to  pass 
through.    How  beautiful  that  is — how  it  makes 
the  light  come  through  some  parts,  and  leaves 
it  dark  in  others,  and  all  because  we  weaken  the 
force  of  cohesion  between  particle  and  particle. 
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Whether  you  have  this  mechanical  power  of 
straining,  or  whether  we  take  other  means,  we 
get  the  same  result ;  and,  indeed,  I  will  shew 
you  by  another  experiment  that  if  we  heat  the 
glass  in  one  part,  it  will  alter  its  internal  struc- 
ture, and  produce  a  similar  effect.  Here  is  a 
piece  of  common  glass,  and  if  I  insert  this  in 
the  path  of  the  polarised  ray,  I  believe  it  will 
do  nothing.  There  is  the  common  glass  [intro- 
ducing'it] — no  light  passes  through — the  screen 
remains  quite  dark;  but  I  am  going  to  warm 
this  glass  in  the  lamp,  and  you  know  yourselves 
that  when  you  pour  warm  water  upon  glass  you 
put  a  strain  upon  it  sufficient  to  break  it  some- 
times— something  like  there  was  in  the  case 
of  the  Prince  Rupert's  drops.  [The  glass  was 
warmed  in  the  spirit-lamp,  and  again  placed 
across  the  ray  of  light.]  Now  you  see  how 
beautifully  the  light  goes  through  tho?e  parts 
which  are  hot,  making  dark  and  light  lines 
just  as  the  crystal  did,  and  all  because  of  the 
alteration  I  have  effected  in  its  internal  condi- 
tion ;  for  these  dark  and  light  parts  are  a  proof 
of  the  presence  of  forces  acting  and  dragging 
in  'difl"ercnt  directions  within  the  solid  mass. 


LECTURE  III. 


COHESION — CHEMICAL  AFFINITY. 

"\  T  7"  E  will  first  return  for  a  few  minutes  to 
^  ■  one  of  the  experiments  made  yesterday. 
You  remember  what  we  put  together  on  that 
occasion — powdered  alum  and  warm  water; 
here  is  one  of  the  basins  then  used.  Nothing 
has  been  done  to  it  since;  but  you  will  find  on 
examining  it,  that  it  no  longer  contains  any 
powder,  but  a  multitude  of  beautiful  crystals. 
Here  also  are  the  pieces  of  coke  which  I  put 
into  the  other  basin — they  have  a  fine  mass  of 
ciystals  about  them.  That  other  basin  I  will 
leave  as  it  is.  I  will  not  pour  the  water  from  it, 
because  it  will  shew  you  that  the  particles  of 
alum  have  done  something  more  than  merely 
ciystallise  together.  They  have  pushed  the 
dirty  matter  from  them,  laying  it  around  the 
outside  or  outer  edge  of  the  lower  crystals — 
squeezed-  out  as  it  were  by  the  strong  attrac- 
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tion  which  the  particles  of  alum  have  for  each 
other. 

And  now  for  another  experiment.  We  have 
already  gained  a  knowledge  of  the  manner  in' 
which  the  particles  of  bodies — of  solid  bodies 
—attract  each  other,  and  we  have  learnt  that 
it  makes  calcareous  spar,  alum,  and  so  forth, 
ciystallise  in  these  regular  forms.  Now,  let  me 
gradually  lead  your  minds  to  a  knowledge  of 
the  means  we  possess  of  making  this  attraction 
alter  a  little  in  its  force;  either  of  increasing, 
or  diminishing,  or  apparently  of  destroying  it 
altogether.  I  will  take  this  piece  of  iron  [a 
rod  of  iron  about  two  feet  long,  and  a  quarter 
of  an  inch  in  diameter],  it  has  at  present  a 
great  deal  of  strength,  due  to  its  attraction  of 
cohesion;  but  if  Mr.  Anderson  will  make  part 
of  this  red-hot  in  the  fire,  we  shall  then  find 
that  it  will  become  soft,  just  as  sealing-wax  will 
when  heated,  and  we  shall  also  find  that  the 
more  it  is  heated  the  softer  it  becomes.  Ah! 
but  what  does  soft  mean.?  Why,  that  the 
attraction  between  the  particles  is  so  weakened 
that  it  is  no  longer  sufficient  to  resist  the 
power  we  bring  to  bear  upon  it.    [Mr.  Anderson 
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handed  to  the  Lecturer  the  iron  rod,  with  one 
end  red-hot,  which  he  shewed  could  be  easily 
twisted  about  with  a  pair  of  pliers.]  You  see, 
I  now  faid  no  difficulty  in  bending  this  end 
about  as  I  like;  whereas  I  cannot  bend  the 
cold  part  at  all.  And  you  know  how  the 
smith  takes  a  piece  of  iron  and  heats  it,  in 
order  to  render  it  soft  for  his  purpose :  he  acts 
upon  our  principle  of  lessening  the  adhesion 
of  the  particles,  although  he  is  not  exactly 
acquainted  with  the  terms  by  which  we  ex- 
press it, 

And  now  we  have  another  point  to  examine; 
and  this  water  is  again  a  very  good  substance  to 
take  as  an  illustration  (as  philosophers  we  call 
it  all  water,  even  though  it  be  in  the  form  of 
ice  or  steam).    Why  is  this  water  hard  >  [point- 
ing tQ  a  block  of  ice]  because  the  attraction  of 
the  particles  to  each  other  is  sufficient  to  make 
them  retain  their  places  in  opposition  to  force 
applied   to  it.     But  what  happens  when  we 
make  the  ice  warm.?     Why,  in  that  case  v/e 
diminish  to  such  a  large  extent  the  power  of 
attraction  that  the  solid  substance  is  destroyed 
altogether.    Let  me  illustrate  this:  I  will  take 
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a  red-hot  ball  of  iron  [Mr.  Anderson,  by  means 
of  a  pair  of  tongs,  handed  to  the  Lecturer  a  red- 
hot  ball  of  iron,  about  two  inches  in  diameter], 
because  it  will  sei-ve  as  a  convenient  source  of 
heat  [placing  the  red-hot  iron  in  the  centre  of 
the  block  of  ice].    You  see  I  am  now  meltinp- 
the  ice  where  the  iron  touches  it.    You  see  the 
iron  sinking  into  it,  and  while  part  of  the  solid 
water  is  becoming  liquid,  the  heat  of  the  ball 
is  rapidly  going  off.     A  certain  part  of  the 
water  is  actually  rising  in  steam— the  attraction 
of  some  of  the  particles  is  so  much  diminished 
that  they  cannot  even   hold  together  in  the 
liquid  form,  but  escape  as  vapour.     At  the 
same  time,  you  see  I  cannot  melt  all  this  ice 
by  the  heat  contained   in  this  ball.     In  the 
course  of  a  very  short  time  I  shall  find  it  will 
have  become  quite  cold. 

Here  is  the  water  which  we  have  produced 
by  destroying  some  of  the  attraction  which 
existed  between  the  particles  of  the  ice,— for 
below  a  certain  temperature  the  particles  of 
water  increase  in  their  mutual  attraction,  and 
become  ice;  and  above  a  certain  temperature 
the  attraction  decreases,  and  the  water  becomes 
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Steam.  And  exactly  the  same  thing  happens 
with  platinum,  and  nearly  every  substance  in 
nature;  if  the  temperature  is  increased  to  a 
certain  point,  it  becomes  liquid,  and  a  further 
increase  converts  it  into  a  gas.  Is  it  not  a 
glorious  thing  for  us  to  look  at  the  sea,  the 
rivers,  and  so  forth,  and  to  know  that  this  same 
body  in  the  northern  regions  is  all  solid  ice  and 
icebergs,  while  here,  in  a  warmer  climate,  it  has 
its  attraction  of  cohesion  so  much  diminished 
as  to  be  liquid  water.  Well,  in  diminishing 
this  force  of  attraction  between  the  particles  of 
ice,  we  made  use  of  another  force,  namely,  that 
of  heat;  and  I  want  you  now  to  understand  that 
this  force  of  heat  is  always  concerned  when 
water  passes  from  the  solid  to  the  liquid  state. 
If  I  melt  ice  in  other  ways,  I  cannot  do  without 
heat  (for  we  have  the  means  of  making  ice 
liquid  without  heat;  that  is  to  say,  without 
using  heat  as  a  direct  cause).  Suppose,  for 
illustration,  I  make  a  vessel  out  of  this  piece  of 
tinfoil  [bending  the  foil  up  into  the  shape  of 
a  dish].  I  am  making  it  metallic,  because  I 
want  the  heat  which  I  am  about  to  deal  with 
to  pass  readily-  through  it;   and  I  am  going 
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to  pour  a  little  water  on  this  board,  and  then 
place  the  tin  vessel  on  it.    Now  if  I  put  some 
of  this  ice  into  the  metal  dish,  and  then  pro- 
ceed to  make  it  liquid  by  any  of  the  various 
means  we  have  at  our  command,  it  still  must 
take  the  necessary  quantity  of  heat  from  some- 
thing, and  in  this  case  it  will  take  the  heat  from 
the  tray,  and  from  the  water  underneath,  and 
from  the  other  things  round  about.    Well,  a 
little  salt  added  to  the  ice  has  the  power  of 
causing  it  to  melt,  and  we  shall  very  shortly  see 
the  mixture  become  quite  fluid,  and  you  will 
then  find  that  the  water  beneath  will  be  frozen 
— frozen,  because  it  has  been  forced  to  give  up 
that  heat  which  is  necessary  to  keep  it  in  the 
liquid  state,  to  the  ice  on  becoming  liquid.  I 
remember  once,  when  I  was  a  boy,  hearing  of 
a  trick  in  a  country  alehouse;  the  point  was 
how  to  melt  ice  in  a  quart-pot  by  the  fire,  and 
freeze  it  to  the  stool.    Well,  the  way  they  did 
it  was  this:  they  put  some  pounded  ice  in  a 
pewter  pot  and  added  some  salt  to  it,  and  the 
consequence  was,  that  when  the  salt  was  mixed 
with  it,  the  ice  in  the  pot  melted  (they  did 
not  tell  me  anything  about  the  salt,  and  they 
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set  the  pot  by  the  fire,  just  to  make  the  result 
more  mysterious),  and  in  a  short  time  the  pot 
and  the  stool  were  frozen  together,  as  we  shall 
very  shortly  find  it  to  be  the  case  here.  And 
all  because  salt  has  the  power  of  lessening  the 
attraction  between  the  particles  of  ice.  Here 
you  see  the  tin  dish  is  frozen  to  the  board — I 
can  even  lift  this  little  stool  up  by  it. 

This  experiment  cannot,  I  think,  fail  to  im- 
press upon  your  minds  the  fact,  that  whenever 
a  solid  body  loses  some  of  that  force  of  attrac- 
tion by  means  of  which  it  remains  solid,  heat  is 
absorbed ;  and  if,  on  the  other  hand,  we  convert 


Fig.  21. 


a  liquid  into  a  solid,  e.  g.,  water  into  ice,  a  cor- 
responding amount  of  heat  is  given  out.  I 
have  an  experiment  shewing  this  to  be  the  case. 
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Here  (fig.  21)  is  a  bulb,  A,  filled  with  air,  the 
tube  from  which  dips  into  some  coloured  liquid 
in  the  vessel  B.  And  I  dare  say  you  know 
that  if  I  put  my  hand  on  the  bulb  A,  and  warm 
it,  the  coloured  liquid  which  is  now  standing 
in  the  tube  at  C  will  travel  forward.  Now  we 
have  discovered  a  means,  by  great  care  and 
research  into  the  properties  of  various  bodies, 
of  preparing  a  solution  of  a  salt  ('^)  which,  if 
shaken  or  disturbed,  will  at  once  become  a 
solid;  and  as  I  explained  to  you  just  now  (for 
what  is  true  of  water  is  true  of  eveiy  other 
liquid),  by  reason  of  its  becoming  solid,  heat  is 
evolved,  and  I  can  make  this  evident  to  you 
by  pouring  it  over  this  bulb ; — there !  it  is  be- 
coming solid,  and  look  at  the  coloured  liquid, 
how  it  is  being  driven  down  the  tube,  and  how 
it  is  bubbling  out  through  the  water  at  the 
end ;  and  so  we  learn  this  beautiful  law  of  our 
philosophy,  that  whenever  we  diminish  the 
attraction  of  cohesion,  we  absorb  heat — and 
whenever  we  increase  that  attraction,  heat  is 
evolved.  This,  then,  is  a  great  step  in  advance, 
for  you  have  learned  a  great  deal  in  addition 
to  the  mere  circumstance  that  particles  attract 
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each  other.  But  you  must  not  now  suppose  that 
because  they  are  Hquid  they  have  lost  their 
attraction  of  cohesion;  for  here  is  the  fluid 
mercury,  and  if  I '  pour  it  from  one  vessel  into 
another,  I  find  that  it  will  form  a  stream  from 
the  bottle  down  to  the  glass — a  continuous  rod 
of  fluid  mercuiy,  the  particles  of  which  have 
attraction  sufficient  to  make  them  hold  together 
all  the  way  through  the  air  down  to  the  glass 
itself ;  and  if  I  pour  water  quietly  from  a  jug, 
I  can  cause  it  to  I'un  in  a  continuous  stream 
in  the  same  manner.  Again,  let  me  put  a  little 
water  on  this  piece  of  plate-glass,  and  then 
take  another  plate  of  glass  and  put  it  on  the 
water;  there!  the  upper  plate  is  quite  free  to 
move,  gliding  about  on  the  lower  one  from  side 
to  side;  and  yet,  if  I  take  hold  of  the  upper 
plate  and  lift  it  up  straight,  the  cohesion  is  so 
great  that  the  lower  one  is  held  up  by  it.  See 
how  it  runs  about  as  I  move  the  upper  one!  and 
this  is  all  owing  to  the  strong  attraction  of  the 
particles  of  the  water.  Let  me  shew  you 
another  experiment.  If  I  take  a  httle  soap  and 
water — not  that  the  soap  makes  the  particles 
of  the  water  more  adhesive  one  for  the  other 
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but  it  certainly  has  the  power  of  continuing  in 
a  better  manner  the  attraction  of  the  particles 
(and  let  me  advise  you,  when  about  to  experi- 
ment with  soap-bubbles,  to  take  care  to  have, 
eveiything  clean  and  soapy).    I  will  now  blow 
a  bubble;  and  that  I  maybe  able  to  talk  and 
blow  a  bubble  too,  I  will  take  a  plate  with  a 
little  of  the  soapsuds  in  it,  and  will  just  soap 
the  edges  of  the  pipe,  and  blow  a  bubble  on  to 
the  plate.     Now,  there  is  our  bubble.  Why 
does  it  hold  together  in  this  manner.?  Why, 
because  the  water  of  which  it  is  composed  has 
an  attraction  of  particle  for  particle,— so  great, 
indeed,  that  it  gives  to  this  bubble  the'' very 
power  of  an  india-rubber  ball;  for  you  see,  if  I 
introduce  one  end  of  this  glass  tube  into'  the 
bubble,  that  it  has  the  power  of  contracting  so 
powerfully  as  to  force  enough  air  through  the 
tube  to  blow  out  a  light  (fig.  22)— the  light  is 
blown  out.    And  look!  see, how  the  bubble  is 
disappearing,  see  how  it  is  getting  smaller  and 
smaller. 

There  are  twenty  other  experiments  I  mio-ht 
shew  you  to  illustrate  this  power  of  cohesion  of 
the  particles  of  liquids.     For  instance,  what 
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would  you  propose  to  me  if,  having  lost  the 
stopper  out  of  this  alcohol  bottle,  I  should  want 
to  close  it  speedily  with  something  near  at  hand. 
Well,  a  bit  of  paper  would  not  do,  but  a  piece 
of  Hnen  cloth  would,  or  some  of  this  cotton 
wool  which  I  have  here.    I  will  put  a  tuft  of  it 
into  the  neck  of  the  alcohol  bottle,  and  you  see, 
when  I  turn  it  upside  down,  that  it  is  perfectly 
well  stoppered,  so  far  as  the  alcohol  is  concerned; 
the  air  can  pass  through,  but  the  alcohol  cannot. 
And  if  I  were  to  take  an  oil  vessel,  this  plan 
would  do  equally  well,  for  in  former  times  they 
used  to  send  us  oil  from  Italy  in  flasks  stop- 
pered only  with  cotton  wool  (at  the  present  time 
the  cotton  is  put  in  after  the  oil  has  arrived 
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Fig.  22.  Fig-  23- 

here,  but  formerly  it  used  to  be  sent  so  stop- 
pered). Now,  if  it  were  not  for  the  particles  of 
liquid  cohering  together,  this  alcohol  would  run 
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out;  and  if  I  had  time,  I  could  have  shewn  you 
a  vessel  with  the  top,  bottom,  and  sides  alto- 
gether formed  like  a  sieve,  and  yet  it  would  hold 
water,  owing  to  this  cohesion. 

You  have  now  seen  that  the  solid  water  can 
become  fluid  by  the  addition  of  heat,  owing  to 
this  lessening  the  attractive  force  between  its 
particles,  and  yet  you  see  that  there  is  a  good 
deal  of  attractive  force  remaining  behind.  I 
want  now  to  take  you  another  step  beyond. 
We  saw  that  if  we  continued  applying  heat  to 
the  water  (as  indeed  happened  with  our  piece 
of  ice  here),  that  we  did  at  last  break  up  that 
attraction  which  holds  the  liquid  together;  and 
I  am  about  to  take  some  ether  (any  other  liquid 
would  do,  but  ether  makes  a  better  experiment 
for  my  purpose),  in  order  to  illustrate  what  will 
happen  when  this  cohesion  is  broken  up.  Now, 
this  liquid  ether,  if  exposed  to  a  very  low  tem- 
perature, will  become  a  solid ;  but  if  we  apply 
heat  to  it,  it  becomes  vapour,  and  I  want  to 
shew  you  the  enormous  bulk  of  the  substance  in 
this  new  form — when  we  make  ice  into  water, 
we  lessen  its  bulk,  but  when  we  convert  water 
into  steam,  we  increase  it  to  an  enormous  ex- 
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tent.    You  see  it  is  very  clear  that  as  I  apply 
heat  to  the  liquid  I  diminish  its  attraction  of 
cohesion — it  is  now  boiling,  and  I  will  set  fire 
to  the  vapour,  so  that  you  may  be  enabled  to 
judge  of  the  space  occupied  by  the  ether  in  this 
form  by  the  size  of  its  flame,  and  you  now  see 
what  an  enormously  bulky  flame  I  get  from 
that  small  volume  of  ether  below.     The  heat 
from  the  spirit-lamp  is  now  being  consumed, 
not  in  making  the  ether  any  warmer,  but  in 
converting  it  into  vapour;  and  if  I  desired  to 
catch  this  vapour  and  condense  it  (as  I  could 
without  much  difficulty),  I  should  have  to  do 
the  same  as  if  I  wished  to  convert  steam  into 
water  and  water  into  ice :  in  either  case  it  would 
be  necessary  to  increase  the  attraction  of  the 
particles,  by  cold  or  otherwise.    So  largely  is 
the  bulk  occupied  by  the  particles  increased  by 
giving  them  this  diminished  attraction,  that  if 
I  were  to  take  a  portion  of  water  a  cubic  inch  in 
bulk  (a,  fig.  23)  I  should  produce  a  volume  of 
steam  of  that  size,  B  [1700  cubic  inches;  nearly 
a  cubic  foot],  so  greatly  is  the  attraction  of 
cohesion  diminished  by  heat;  and  yet  it  still 
remains  water.    You  can  easily  imagine  the 
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consequences  which  are  due  to  this  change  in 
volume  by  heat — the  mighty  powers  of  steam 
and  the  tremendous  explosions  which  are  some- 
times produced  by  this  force  of  water.    I  want 
you  now  to  see  another  experiment,  which  will 
perhaps  give  you  a  better  illustration  of  the  bulk- 
occupied  by  a  body  when  in  the  state  of  vapour. 
Here  is  a  substance  which  we  call  iodine,  and  I 
am  about  to  submit  this  solid  body  to  the  same 
kind  of  condition  as  regards  heat  that  I  did 
the  water  and  the  ether  [putting  a  few  grains  of 
iodine  into  a  hot  glass  globe,  which  immediately 
became  filled  with  the  violet  vapour],  and  you 
see  the  same  kind  of  change  produced.  More- 
over, it  gives  us  the  opportunity  of  observing 
how  beautiful  is  the  violet-coloured  vapour  from 
this  black  substance,  or  rather  the  mixture  of 
the  vapour  with  air  (for  I  would  not  wish  you 
to  understand  that  this  globe  is  entirely  filled 
with  the  vapour  of  iodine. 

If  I  had  taken  mercury  and  converted  it  into 
vapour  (as  I  could  easily  do),  I  should  have  a 
perfectly  colourless  vapour;  for  you  must  under- 
stand this  about  vapours,  that  bodies  in  what 
we  call  the  vaporous,  or  the  gaseous  state,  are 
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always  perfectly  transparent,  never  cloudy  or 
smoky:  they  are,  however,  often  coloured,  and 
we  can  frequently  have  coloured  vapours  or 
gases  produced  by  colourless  particles  themselves 
mixing  together,  as  in  this  case  [the  Lecturer 
here  inverted  a  glass  cylinder  full  of  binoxide  of 
nitrogen  n  over  a  cylinder  of  oxygen,  when  the 
dark-red  vapour  of  hyponitrous  acid  was  pro- 
duced].    Here  also  you  see  a  veiy  excellent 
illustration  of  the  effect  of  a  power  of  nature 
which  we  have  not  as  yet  come  to,  but  which 
stands  next  on  our  list— CHEMICAL  AFFINITY. 
And  thus  you  see  we  can  have  a  violet  vapour 
or  an  orange  vapour,  and  different  other  kinds 
of  vapour;  but  they  are  always  perfectly  trans- 
pai^nt,  or  else  they  would  cease  to  be  vapours. 

I  am  now  going  to  lead  you  a  step  beyond 
this  consideration  of  the  attraction  of  the  par- 
ticles for  each  other.  You  see  we  have  come  to 
understand  that,  if  we  take  water  as  an  illustra- 
tion, whether  it  be  ice,  or  water,  or  steam,  it  is 
always  to  be  considered  by  us  as  water.  Well, 
now  prepare  your  minds  to  go  a  little  deeper 
into  the  subject.  We  have  means  of  searching 
into  the  constitution  of  water  beyond  any  that 
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are  afforded  us  by  the  action  of  heat,  and 
among  these  one  of  the  most  important  is  that 
force  which  we  call  voltaic  electricity,  which  we 
used  at  our  last  meeting  for  the  purpose  of 
obtaining  light,  and  which  we  carried  about 
the  room  by  means  of  these  wires.  This  force 
is  produced  by  the  batteiy  behind  me,  to  which, 
however,  I  will  not  now  refer  more  particularly: 
before  we  have  done  we  shall  know  more  about 
this  battery,  but  it  must  grow  up  in  our  know- 
ledge as  we  proceed.    Now,  here  (fig.  24)  is  a 


Flij.  24. 

portion  of  water  in  this  little  vessel  c,  and 
besides  the  water  there  are  two  plates  of  the 
metal  platinum,  which  are  connected  with  the 
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wires  (A  and  b)  coming  outside,  and  I  want 
to  examine  that  water,  and  tlie  state  and  the 
condition  in  which  its  particles  are  arranged. 
If  I  were  to  apply  heat  to  it,  you  know  what 
we  should  get;  it  would  assume  the  state  of 
vapour,  but  it  would  nevertheless  remain  water, 
and  would  return  to  the  liquid  state  as  soon  as 
the  heat  was  removed.    Now,  by  means  of  these 
v/ires  (which  are  connected  with  the  battery 
behind  me,  and  come  under  the  floor  and  up 
through   the   table),  we   shall   have  a  certain 
amount  of  this  new  power   at   our  disposal. 
Here  you  see  it  is  [causing  the  ends  of  the 
wires  to  touch] — that  is  the  electric  light  we 
used  yesterday,  and  by  means  of  these  wires 
we  can  cause  water  to  submit  itself  to  this 
power ;  for  the  moment  I  put  them  into  metallic 
connection  (at  A  and  b),  you  see  the  water 
boiling  in  that  little  vessel  (c),  and  you  hear  the 
bubbling  of  the  gas  that  is  going  through  the 
tube  (d).    See  how  I  am  converting  the  water 
into  vapour;  and  if  I  take  a  little  vessel  (e),  and 
fill  it  with  water,  and  put  it  in  the  trough  over 
the  end  of  the  tube  (d),  there  goes  the  vapour 
ascending  into  the  vessel.    And  yet  that  is  not 
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Steam;  for  you  know  that  if  steam  is  brought 
near  cold  water,  it  would  at  once  condense,  and 
return  back  again  to  water.    This  then  cannot 
be  steam,  for  it  is  bubbling  through  the  cold 
water  in  this  trough ;  but  it  is  a  vaporous  sub- 
stance, and  we  must  therefore  examine  it  care- 
fully, to  see  in  what  way  the  water  has  been 
changed.   And  now,  in  order  to  give  you  a  proof 
that  it  is  not  steam,  I  am  going  to  shew  you 
that  it  is  combustible;  for  if  I  take  this  small 
vessel  to  a  light,  the  vapour  inside  explodes  in 
a  manner  that. steam  could  never  do. 

I  will  now  fill  this  large  bell-jar  (f)  with 
water;  and  I  propose  letting  the  gas  ascend 
into  it,  and  I  will  then  shew  you  that  we  can 
reproduce   the   water   back   again   from  the 
vapour  or  air  that  is  there.    Here  is  a  strong 
glass  vessel  (g),  and  into  it  we  will  let  the  gas 
(from  F)  pass.     We  will  there  fire  it  by  the 
electric  spark,  and  then  after  the  explosion  you 
will  find  that  we  have  got  the  water  back 
again:  it  will  not  be  much,  however,  for  you 
will  recollect  that  I  shewed  you  how  small  a 
portion  of  water  produced  a  very  large  volume 
of  vapour.    Mr.  Anderson  will  now  pump  all 
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the  air  out  of  this  vessel  (g)  ;  and  when  I  have 
screwed  it  on  to  the  top  of  our  jar  of  gas  (f), 
you  will  see  upon  opening  the  stop-cocks  (h'  H  h) 
the  water  will  jump  up,  shewing  that  some  of 
the  gas  has  passed  into  the  glass  vessel.    I  will 
now  shut  these  stop-cocks,  and  we  shall  be  able 
to  send  the  electric  spark  through  the  gas  by 
means  of  the  wires  (l,  k)  in  the  upper  part  of 
the  vessel,  and  you  will  see  it  burn  with  a  most 
intense  flash.     [Mr.  Anderson  here  brought  a 
Leyden  jar,  which  he  discharged  through  the 
confined  gas  by  means  of  the  wires  I,  K.]  You 
saw  the  flash;  and  now  that  you  may  see  that 
there  is  no  longer  any  gas  remaining,  if  I  place 
it  over  the  jar  and  open  the  stop-cocks  again, 
up  will  go  the  gas,  and  we  can  have  a  second 
combustion;  and  so  I  might  go  on  again  and 
acrain    and  I  should  continue  to  accumulate 
more  and  more  of  the  water  to  which  the  gas 
has  returned.    Now,  is  not  this  curious?— in 
this  vessel  (c)  we  can  go  on  making  from  water 
a  large  bulk  of  permanent  gas,  as  we  call  it, 
and  then  we  can  reconvert  it  into  water  in  this 
way.    [Mr.  Anderson  brought  in  another  Leyden 
jar,  which,  however,  from  some  cause  would  not 
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ignite  the  gas.     It  was  therefore  recharged, 
when  the  explosion  took  place  in  the  desired 
manner.]    How  beautifully  we  get  our  results 
when  we  are  right  in  our  proceedings !— it  is 
not  that  Nature  is  wrong  when  we  make  a 
mistake.    Now,  I  will  lay  this  vessel  (g)  down 
by  my  right  hand,  and  you  can  examine  it  by 
and  by:  there  is  not  very  much  water  flowing 
down,  but  there  is  quite  sufficient  for  you  to 
see. 

Another  wonderful  thing  about  this  mode  of 
changing  the  condition  of  the  water  is  this— 
that  we  are  able  to  get  the  separate  parts  of 
which  it  is  composed,  at  a  distance  the  one  from 
the  other,  and  to  examine  them,  and  see  what 
they  are  like,  and  how  many  of  them  there  are; 
and  for  this  purpose  I  have  here  some  more 
water  in  a  slightly  different  apparatus  to  the 
former  one  (fig.  25),  and  if  I  place  this  in  con- 
nection with  the  wires  of  the  battery  (at  A  B),  I 
shall  get  a  similar  decomposition  of  the  water 
at  the  two  platinum  plates.    Now,  I  will  put 
this  little  tube  (o)  over  there,  and  that  will 
collect  the  gas  together  that  comes  from  this 
side  (A),  and  this  tube  (11)  will  collect  the  oas 
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that  comes  from  the  other  side  (b)  ;  and  I  think 
we  shall  soon  be  able  to  see  a  difference.  In 
this  apparatus  the  wires  are  a  good  way  apart 
from  each  other,  and  it  now  seems  that  each 
of  them  is  capable  of  drawing  off  particles  from 


25- 


the  water  and  sending  them  off,  and  you  see 
that  one  set  of  particles  (li)  is  coming  off  twice 
as  fast  as  those  collected  in  the  other  tube  (o). 
Something  is  coming  out  of  the  water  ihere 
(at  II)  which  burns  [setting  fire  to  the  gas] ;  but 
what  comes  out  of  the  water  here  (at  p), 
although  it  will  not  burn,  will  support  com- 
bustion very  vigorously.  [The  Lecturer  here 
placed  a  match  with  a  glowing  tip  in  the  gas, 
when  it  immediately  rekindled.] 

Here,  then,  we  have  two  things,  neither  of 
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them  being  water  alone,  but  which  we  get  out 
of  the  water.    Water  is  therefore  composed  of 
two  substances  different  to  itself,  which  appear 
at  separate  places  when  it  is  made  to  submit  to 
the  force  which  I  have  in  these  wires;  and  if  I 
take  an  inverted  tube  of  water  and  collect  this 
gas  (h),  you  will  see  that  it  is  by  no  means  the 
same  as  the  one  we  collected  in  the  former 
apparatus  (fig.  24).    That  exploded  with  a  loud 
noise  when  it  was  lighted,  but  this  will  burn 
quite  noiselessly— it  is  called  hydrogen;  and 
the  other  we  call  oxygen —W-i^x.  gas  which  so 
beautifully  brightens   up  all   combustion,  but 
does  not  burn  of  itself    So  now  we  see  that 
water  consists  of  two  kinds  of  particles  attract- 
ing each  other  in  a  very  different  manner  to  the 
attraction  of  gravitation  or  cohesion;  and  this 
new  attraction  we  call  chemical  affinity,  or  the 
force    of   chemical    action    between  different 
bodies.    We  are  now  no  longer  concerned  with 
the  attraction  of  iron  for  iron,  water  for  water, 
wood  for  wood,  or  like  bodies  for  each  other,  as 
we  were  when  dealing  with  the  force  of  cohesion: 
we  are  dealing  with  another  kind  of  attraction, 
—the  attraction  between  particles  of  a  different 
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nature  one  to  the  other.  Chemical  affinity- 
depends  entirely  upon  the  energy  with  which 
particles  of  different  kinds  attract  each  other. 
Oxygen  and  hydrogen  are  particles  of  different 
kinds,  and  it  is  their  attraction  to  each  other 
which  makes  them  chemically  combine  and 
produce  water. 

I  must  now  shew  you  a  little  more  at  large 
what  chemical  affinity  is.  I  can  prepare  these 
gases  from  other  substances,  as  well  as  from 
water ;  and  we  will  now  prepare  some  oxygen. 
Here  is  another  substance  which  contains  oxygen 
— chlorate  of  potash.  I  will  put  some  of  it  into 
this  glass  retort,  and  Mr.  Anderson  will  apply 
heat  to  it.  We  have  here  different  jars  filled 
with  water;  and  when,  by  the  application  of 
heat,  the  chlorate  of  potash  is  decomposed,  we 
will  displace  the  water,  and  fill  the  jars  with 
gas. 

Now,  when  water  is  opened  out  in  this  way 
by  means  of  the  battery — which  adds  nothing 
to  it  materially,  which  takes  nothing  from  it 
materially  (I  mean  no  matter;  I  am  not  speak- 
ing of  force),  which  adds  no  matter  to  the 
water — it   is  changed   in  this   way:  the  gas 
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which  }'ou  saw  burning  a  little  while  ago, 
called  hydrogen,  is  evolved  in  large  quantity, 
and  the  other  gas,  oxygen,  is  evolved  in  only 
half  the  quantity;  so  that  these  two  areas 
represent  water,  and  these  are  always  the  pro- 
portions between  the  two  gases. 


Oxygen,  . 
Hydrogen, 
Water,  . 


88.9 
II.  I 
100.0 


But  oxygen  is  sixteen  times  the  weight 
of  the  other— eight  times  as  heavy  as  the 
particles  of  hydrogen  in  the  water;  and  you 
therefore  know  that  water  is  composed  of 
nine  parts  by  weight— one  of  hydrogen  and 
eight  of  oxygen;  thus: — 


Hydrogen,  .  .46.2  cubic  inches,  . 
Oxygen,       .       .    23.  i  „ 


I  grain. 
8  grains. 


Water  .    69.3    „       „         .       .    =  9  grains. 

Now,  Mr.  Anderson  has  prepared  some  oxy. 
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gen,  and  we  will  proceed    to   examine  what 
is  the  character  of  this  gas.    First  of  all,  you 
remember,  I  told  you  that  it  docs  not  burn, 
but  that  it  affects  the  burning  of  other  bodies. 
I  will  just  set  fire  to  the  point  of  this  little 
bit  of  wood,  and  then  plunge  it  into  the  jar 
of  oxygen,  and  you  will  see  what  this  gas 
does  in  increasing  the  brilliancy  of  the  com- 
bustion.   It  does  not  burn — it  does  not  take 
fire  as  the  hydrogen  would — ^but  how  vividly 
the  combustion  of  the  match  goes  on.  Again, 
if  I  were  to  take  this  v/ax  taper  and  light 
it,   and  turn  it  upside  down  in  the  air,  it 
would  in  all  probability  put  itself  out,  owing 
to  the  wax  running  down  into  the  wick.  [The 
Lecturer  here  turned  the  lighted  taper  upside 
down,  when  in  a  few  seconds  it  went  out.]  Now, 
that  will  not  happen  in  oxygen  gas;  you  will 
see  how  differently  it  acts  (fig.  26).    [The  taper 
was  again  lighted,  turned   upside  down,  and 
then  introduced  into  a  jar  of  oxygen.]    Look  at 
that!  see  how  the  very  wax  itself  burns,  and  falls 
down  in  a  dazzling  stream  of  fire,  so  powerfully 
does  the  oxygen  support  combustion.  Again, 
here  is  another  experiment  which  will  serve  to 
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illustrate  the  fbrce,  if  I  may  so  call  it,  of  oxygen. 
I  have  here  a  circular  flame  of  spirit  of  wine, 
and  with  it  I  am  about  to  shew  you  the  way 
in  which  iron  burns,  because  it  will  serve  very 
well  as  a  comparison  between  the  effect  produced 


by  air  and  oxygen.  If  I  take  this  ring  flame, 
I  can  shake  by  means  of  a  sieve  the  fine 
particles  of  iron  filings  through  it,  and  you 
will  see  the  way  in  which  they  burn.  [The 
Lecturer  here  shook  through  the  flame  some 
iron  filings,  which  took  fire  and  fell  throueh 
v/ith  beautiful  scintillations.]  But  if  I  now 
hold  the  flame  over  a  jar  of  oxygen  [the  ex- 
periment was  repeated  over  a  jar  of  oxygen, 
when  the  combustion  of  the  filings,  as  they 
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fell  into  the  oxygen,  became  almost  in- 
supportably  brilliant],  you  see  how  wonder- 
fully different  the  effect  is  in  the  jar;  because 
there  we  have  oxygen  instead  of  common 
air. 


LECTURE  IV. 


CHEMICAL  AFFINITY — HEAT. 

\A/^  shall  have  to  pay  a  little  more  at- 
tention to  the  forces  existing-  in 
water  before  we  can  have  a  clear  idea  on  the 
subject.  Besides  the  attraction  which  there 
is  between  its  particles  to  make  it  hold  to- 
gether as  a  liquid  or  a  solid,  there  is  also 

another    force,    different   from    the  former  

one  which,  yesterday,  by  means  of  the  voltaic 
batteiy,  we  overcame,  drawing  from  the  water 
two  different  substances— which,  when  heated 
by  means  of  the  electric  spark,  attracted  each 
other,  and  rushed  into  combination  to  reproduce 
water.  Now,  I  propose  to-day  to  continue  this 
subject,  and  trace  the  various  phenomena  of 
chemical  affinity;  and  for  this  purpose,  as  we 
yesterday  considered  the  character  of  oxygen,  of 
which  I  have  here  two  jars  (oxygen  being  those 
particles  derived  from  the  water  which  enable 
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Other  bodies  to  burn),  we  will  now  consider 
the  other  constituent  of  water;  and,  without 
embarrassing  you  too  much  with  the  way  in 
which  these  things  are  made,  I  will  proceed 
now  to  shew  you  our  common  way  of  making 
hydrogen.  (I  called  it  hydrogen  yesterday — 
it  is  so  called  because  it  helps  to  generate 
water.)*  I  put  into  this  retort  some  zinc,  water, 
and  oil  of  vitriol,  and  immediately  an  action 
takes  place,  which  produces  an  abundant  evo- 
lution of  gas,  now  coming  over  into  this  jar, 
and  bubbling  up  in  appearance  exactly  like 
the  oxygen  we  obtained  yesterday. 


Fig.  27. 

The  processes,  you "  see,  are  veiy  different, 
though  the    result   is    the   same,   in    so  far 

*  'Sflj,  "  water,"  and  yivvaa,  "  I  generate." 


CHEMICAL  AFFINITY — HEA  T. 


lOI 


as  it  gives  us  certain  gaseous  particles.  Here, 
tlien,  is  tlie  hydrogen.    I  shewed  you  yesterday 
certain  qualities  of  this  gas ;  now  let  me  exhibit 
you  some   other  properties.    Unlike  oxygen, 
which  is  a  supporter  of  combustion,  and  will 
not  burn,  hydrogen  itself  is  combustible.  There 
is  a  jar  full  of  it;  and  if  I  carry  it  along  in 
this  manner,  and  put  a  light  to  it,   I  think 
you  will  see  it  take  fire,  not  with  a  bright  light 
— you  will  at  all  events  hear  it,  if  you  do  not 
see  it.    Now,  that  is  a  body  entirely  different 
from  oxygen:  it  is  extremely  light;  for  although 
yesterday   you   saw   twice  as  much    of  this 
hydrogen  produced   on  the  one  side  as  on 
the  other,  by  the  voltaic  battery,  it  was  only 
one-eighth  the  weight  of  the  oxygen.    I  carry 
this  jar  upside-down.    Why.?    Because  I  know 
that  it  is  a  very  light  body,  and  that  it  will 
continue  in    this    jar    upside-down  quite  as 
effectually  as  the  water  will  in  that  jar  which 
is  not  upside-down;   and  just  as  I  can  pour 
water  from  one  vessel  into    another  in  the 
right  position  to  receive  it,  so  can  I  pour 
this  gas  from  one  jar  into  another  when  they 
are  upside-down.     See  what  I  am  about  to 
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do.  There  is  no  hydrogen  in  this  jar  at  present, 
but  I  will  gently  turn  this  jar  of  hydrogen 
up  under  this  other  jar  (fig.  28),  and  then  we 
will  examine  the  two.  We  shall  see,  on  apply- 
ing a  light,  that  the  hydrogen  has  left  the 


jar  in  which  it  was  at  first,  and  has  poured 
upwards  into  the  other,  and  there  we  shall 
find  it. 

You  now  understand  that  we  can  have  par- 
ticles of  veiy  different  kinds,  and  that  they  can 
have  different  bulks  and  weights;  and  there  are 
two  or  three  very  interesting  experiments  which 
ser\e  to  illustrate  this.  For  instance,  if  I  blow 
soap  bubbles  with  the  breath  from  my  mouth, 
you  will  see  them  fall,  because  I  fill  them  with 
common  air,  and  the  water  which  forms  the 
bubble  carries  it  down.    But  now,  if  I  inhale 
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hydrogen  gas  into  .my  lungs  (it  does  no  harm 
to  the  lungs,  although  it  does  no  good  to  them), 
see  what  happens.  [The  Lecturer  inhaled  some 
hydrogen,  and  after  one  or  two  ineffectual 
attempts,  succeeded  in  blowing  a  splendid 
bubble,  which  rose  majestically  and  slowly  to 
the  ceiling  of  the  theatre,  where  it  burst.]  That 
shews  you  very  well  how  light  a  substance  this 
is;  for,  notwithstanding  all  the  heavy  bad  air 
from  my  lungs,  and  the  weight  of  the  bubble, 


Hydrogen . 


Fig.  29. 


you  saw  how  it  was  carried  up.  I  want  y 
now  to  consider  this  phenomenon  of  weight 
indicating  how  exceedingly  different  particles  i 
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one  from  the  other;  and  I  will  take  as  illustra- 
tions these  very  common  things — air,  water,  the 
heaviest  body,  platinum,  and  this  gas :  and  ob- 
serve how  they  differ  in  this  respect;  for  if  I 
take  a  piece  of  platinum  of  that  size  (fig.  29), 
it  is  equal  to  the  weight  of  portions  of  water, 
air,  and  hydrogen  of  the  bulks  I  have  repre- 
sented in  these  spheres.     And  this  illustration 
gives  you  a  very  good  idea  of  the  extraordinary 
difference  with  regard  to  the  gravity  of  the 
articles  having  this  enormous  difference  in  bulk. 
[The  following  tabular  statement  having  refer- 
ence to  this  illustration  appeared  on  the  diagram 
board.] 


Hydrogen, 

I 

Air  

14.4 

I 

Water, 

1 1943 

829 

I 

Platinum,  . 

256774 

1 783 1 

Whenever  oxygen  and  hydrogen  unite  to- 
gether they  produce  water;  and  you  have  seen 
the  extraordinary  difference  between  the  bulk 
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and  appearance  of  the  water  so  produced,  and 
the  particles  of  which  it  consists  chemically. 
Now,  we  have  never  yet  been  able  to  reduce 
eitRer  oxygen  or  hydrogen  to  the  liquid  state- 
and  yet  their  first  impulse,  when  chemically 
combmed,  is  to  take  up  first  this  liquid  condition, 
and  then  the  solid  condition.    We  never  com- 
bine these  different  particles  together  without 
producmg  water;  and  it  is  curious  to  think  how 
often  you  must  have  made  the  experiment  of 
combmmg  oxygen  and  hydrogen  to  form  water 
without  knowing  it.     Take  a  candle,  for  in- 
stance, and  a  clean  silver  spoon  (or  a  piece  of 
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clean  tin  will  do),  and  if  you  hold  it  over  the 
flame,  you  immediately  cover  it  with  dew-not 
a  smoke -which  presently  evaporates.  This 

IT 
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perhaps  will  serve  to  shew  it  better.  Mr.  An- 
derson will  put  a  candle  under  that  jar,  and 
you  will  see  how  soon  the  water  is  produced 
(fig.  30).  Look  at  that  dimness  on  the  sitles 
of  the  glass,  which  will  soon  produce  drops,  and 
trickle  down  into  the  plate.  Well,  that  dim- 
ness and  these  drops  are  zvater,  formed  by  the 
union  of  the  oxygen  of  the  air  with  the  hydro- 
gen existing  in  the  wax  of  which  that  candle 
is  formed. 

And  now,  having  brought  you  in  the  first 
place  to  the  consideration  of  chemical  attrac- 
tion, I  must  enlarge  your  ideas  so  as  to  include 
all  substances  which  have  this  attraction  for 
each  other  —  for  it  changes   the  character  of 
bodies,  and  alters  them  in  this  way  and  that 
way  in  the  most   extraordinary  manner,  and 
produces  other  phenom.ena  wonderful  to  think 
about.    Here  is  some  chlorate  of  potash,  and 
there  some  sulphuret  of  antimony.  ('^)    We  will 
mix  these  two  difi"erent  sets  of  particles  together ; 
and  I  want  to  shew  you  in  a  general  sort  of 
way  some  of  the  phenomena  which  take  place 
v/hen  we  make  different  particles  act  toc,et'ier. 
Now,  I  can  make  these  bodies  act  upon  each 
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Other  in  several  ways.    In  this  case  I  am  going 
to  apply  heat  to  the  mixture;  but  if  I  were  to 
give  a  blow  with  a  hammer,  the  same  result 
would  follow.     [A  lighted  match  was  brought 
to  the  mixture,  which  immediately  exploded 
with  a  sudden  flash,  evolving  a  dense  white 
smoke.]    There  you  see  the  result  of  the  action 
of  chemical  affinity  overcoming  the  attraction 
of  cohesion  of  the  particles.    Again,  here  is  a 
httle  sugar  O,  quite  a  different  substance  from 
the  black  sulphuret  of  antimony,  and  you  shall 
see  what  takes  place  when  we  put  the  two  to- 
gether.    [The  mixture  was  touched  with  sul- 
phuric  acid,   when   it   took    fire    and  burnt 
gradually,  and  with  a  brighter  flame  than  in 
the  former  instance.]     Observe  this  chemical 
affinity  travelling  about  the  mass,  and  setting 
It  on  fire,  and  throwing  it  into  such  wonderful 
agitation ! 

I  must  now  come  to  a  few  circumstances 
which  require  careful  consideration.  We  have 
already  examined  one  of  the  effects  of  this 
chemical  affinity;  but  to  make  the  matter  more 
clear  we  must  point  out  some  others.  And 
here  are  two  salts  dissolved  in  water  (").  They 
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are  both  colourless  solutions,  and  in  these 
glasses  you  cannot  see  any  difference  between 
them.  But  if  I  mix  them,  I  shall  have  chemical 
attraction  take  place.  I  will  pour  the  two 
together  into  this  glass,  and  you  will  at  once 
see,  I  have  no  doubt,  a  certain  amount  of 
change.  Lqok,  they  are  already  becoming 
milky,  but  they  are  sluggish  in  their  action — 
not  quick  as  the  others  were — for  we  have  end- 
less varieties  of  rapidity  in  chemical  action. 
Now,  if  I  mix  them  together,  and  stir  them,  so 
as  to  bring  them  properly  together,  you  will 
soon  see  what  a  different  result  is  produced. 
As  I  mix  them,  they  get  thicker  and  thicker, 
and  you  see  the  liquid  is  hardening  and  stiffen- 
ing, and  before  long  I  shall  have  it  quite  hard ; 
and  before  the  end  of  the  lecture  it  will  be  a 
solid  stone — a  wet  stone,  no  doubt,  but  more 
or  less  solid — in  consequence  of  the  chemical 
afhnity.  Is  not  this  changing  two  liquids  into 
a  solid  body  a  wonderful  manifestation  of 
chemical  affinity.^ 

There  is  another  remarkable  circumstance  in 
chemical  affinity,  which  is,  that  it  is  capable 
of  either  waiting  or  acting  at  once.    And  this 
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is  very  singular,  because  we  know  of  nothing  of 
the  kind  in  the  forces  either  of  gravitation  or 
cohesion.    For  instance,  here  are  some  oxygen 
particles,  and  here  is  a  lump  of  carbon  particles. 
I  am  going  to  put  the  carbon  particles  into  the 
oxygen;  they  can  act,  but  they  do  not— they 
are  just  like  this  unlighted  candle.    It  stands 
here  quietly  on  the  table,  waiting  until  we  want 
to  light  it.    But  it  is  not  so  in  this  other  case. 
Here  is  a  substance,  gaseous  like  the  oxygen, 
and  if  I  put  these  particles  of  metal  into  it, 
the  two  combine  at  once.     The  copper  and 
the  chlorine  unite  by  their  power  of  chemical 
affinity,  and  produce  a  body  entirely  unlike 
either  of  the  substances  used.     And  in  this 
other  case,  it  is  not  that  there  is  any  deficiency 
of  affinity  between  the  carbon   and  oxygen; 
for  the  moment  I  choose  to  put  them  Tn  a 
condition  to  exert  their  affinity,  you  will  see  the 
difference.    [The  piece  of  charcoal  was  ignited, 
and  introduced  into  the  jar  of  oxygen,  when 
the   combustion   proceeded    with   vivid  scin- 
tillations.] 

Now,  this  chemical  action  is  set  going  exactly 
as  it  Would  be  if  I  had  lighted  the  candle,  or 
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as  it  is  when  the  servant  puts  coals  on  and 
lights  the  fire :  the  substances  wait  until  we  do 
something  which  is  able  to  start  the  action. 
Can  anything  be  more  beautiful  than  this  com- 
bustion of  charcoal  in  oxygen  ?     You  must 
understand  that  each  of  these  little  sparks  is  a 
portion  of  the  charcoal,  or  the  bark  of  the 
charcoal,  thrown  off  white-hot  into  the  ogygen, 
and  burning  in  it  most  brilliantly,  as  you  see. 
And  now  let  me  tell  you  another  thing,  or  you 
will  go  away  with  a  very  imperfect  notion  of 
the  powers  and  effects  of  this  affinity.  There 
you   see   some   charcoal   burning  in  oxygen. 
Well,  a  piece  of  lead  will  burn  in  oxygen  just 
as  well  as  the  charcoal  does,  or  indeed  better; 
for  absolutely  that  piece  of  lead  will  act  at  once 
upon  the  oxygen  as  the  copper  did  in  the  other 
vessel  with  regard  to  the  chlorine.    And  here 
also  a  piece  of  iron:  if  I  light  it  and  put  it  into, 
the  oxygen,  it  will  burn  away  just  as  the  carbon 
did.    And  I  will  take  some  lead,  and  shew  you 
that  it  will  burn  in  the  common  atmospheric 
oxygen  at  the  ordinary  temperature.  These 
are  the  lumps  of  lead  which,  you  remember,  we 
had  the  other  day— the  two  pieces  which  clung 
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together.     Now  these  pieces,  if  I  take  them 
to-day  and  press  them  together,  will  not  stick ; 
and  the  reason  is,  that  they  have  attracted  from 
the  atmosphere  a  part  of  the  oxygen  there 
present,  and  have  become  coated  as  with  a 
varnish  by  the  oxide  of  lead,  which  is  formed 
on  the  surface  by  a  real  process  of  combustion 
or  combination.    There  you  see  the  iron  burn- 
ing very  well  in  oxygen ;  and  I  will  tell  you  the 
reason  why  those  scissors  and  that  lead  do 
not  take  fire  whilst  they  are  lying  on  the  table. 
Here  the  lead  is  in  a  lump,  and  the  coating  of 
oxide  remains  on  its  surface;  whilst  there  you 
see  the  melted  oxide  is  clearing  itself  off  from 
the  iron,  and  allowing  more  and  more  to  go  on 
burning     In  this  case,  however  [holding  up  a 
small  glass  tube  containing  lead  pyrophorus 
the  lead  has  been  very  carefully  produced  in 
fine  powder,  and  put  into  a  glass  tube,  and 
hermetically  sealed,  so  as  to  preserve  it;  and  I 
expect  you  will  see  it  take  fire  at  once.  This 
has  been  made  about  a  month  ago.  and  has 
thus  had   time   enough  to  sink   down  to  its 
normal  temperature.    What  you  see,  therefore, 
is  the  result  of  chemical  afi^nity  alone.  [The 
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tube  was  broken  at  the  end,  and  the  lead 
poured  out  on  to  a  piece  of  paper,  whereupon 
it  immediately  took  fire.]  Look,  look  at  the 
lead  burning;  why,  it  has  set  fire  to  the  paper! 
Now,  that  is  nothing  more  than  the  common 
affinity  always  existing  between  very  clean  lead 
and  the  atmospheric  oxygen;  and  the  reason 
why  this  iron  does  not  burn  until  it  is  made 
red-hot  is,  because  it  has  got  a  coating  of  oxide 
about  it,  which  stops  the  action  of  the  oxygen — 
putting  a  varnish,  as  it  were,  upon  its  surface, 
as  we  varnish  a  picture,  absolutely  forming  a 
substance  which  prevents  the  natural  chemical 
affinity  between  the  bodies  from  acting. 

I  must  now  take  you  a  little  further  in  this 
kind  of  illustration — or  consideration,  I  would 
rather  call  it — of  chemical  affinity.  This  attrac- 
tion between  different  particles  exists  also  most 
curiously  in  cases  where  they  are  previously 
combined  with  other  substances.  Here  is  a 
little  chlorate  of  potash,  containing  the  oxygen 
which  we  found  yesterday  could  be  procured 
from  it.  It  contains  the  oxygen  there  combined 
and  held  down  by  its  chemical  affinity  with 
other  things;   but  still  it  can  combine  with 
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sugar,  as  you  saw.    This  affinity  can  thus  act 
across  substances;  and  I  want  you  to  see  how 
curiously  what  we  call  combustion  acts  with 
respect  to  this  force  of  chemical  affinity.    If  I 
take  a  piece  of  phosphorus  and  set  fire  to  it,  and 
then  place  a  jar  of  air  over  the  phosphorus, 
you  see  the  combustion  which  we  are  having 
there  on  account  of  chemical  affinity  (combust 
tion  being  in  all  cases  the  result  of  chemical 
affinity).    The  phosphorus  is  escaping  in  that 
vapour,  which  will  condense  into  a  snow-like 
mass  at  the  close  of  the  lecture.    But  suppose 
I  limit  the  atmosphere,  what  then.?  why,  even 
the  phosphorus  will  go  out.     Here  i^  a'  piece 
of  camphor,  which  will  burn  very  well  in  the 
atmosphere,  and   even  on  water  it  will  float 
about  and  burn,  by  reason  of  some  of  its  par- 
ticles gaining  access  to  the  air.    But  if  I  limit 
the  quantity  of  air  by  placing  a  jar  over  it  as 
I  am  now  doing,  you  will  soon  find  the  camphor 
will  go  out.    Well,  why  does  it  go  out.?   Not  for 
want  of  air,  for  there  is  plenty  of  air  remaining, 
in  the  jar.    Perhaps  you  will  be  shrewd  enough 
to  say,  for  want  of  oxygen. 

This,  therefore,  leads  us  to  the  inquiry  as  to 
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whether  oxygen  can  do  more  than  a  certain 
amount  of  work.    The  oxygen  there  (fig.  30) 
cannot  go  on  burning  an  unUmited  quantity  of 
candle,  for  that  has  gone  out,  as  you  see;  and 
its  amount  of  chemical  attraction  or  affinity  is 
just  as  strikingly  limited:  it  can  no  more  be 
fallen  short  of  or  exceeded  than  can  the  attrac- 
tion of  gravitation.    You  might  as  soon  attempt 
to  destroy  gravitation,  or  weight,  or  all  things 
that  exist,  as  to  destroy  the  exact  amount  of 
force  exerted  by  this  oxygen.     And  when  I 
pointed  out  to  you  that  8  by  weight  of  oxygen 
to  I  by  weight  of  hydrogen  went  to  form  water, 
I  meant  this,  that  neither  of  them  would  com- 
bine in  different  proportions  with  the  other;  for 
you  cannot  get  10  of  hydrogen  to  combine  with 
6  of  oxygen,  or  10  of  oxygen  to  combine  with 
6  of  hydrogen — it  must  be  8  of  oxygen  and  i 
of  hydrogen.    Now,  suppose  I  limit  the  action 
in  this  way:  this  piece  of  cotton  wool  burns, 
as  you  see,  veiy  well  in  the  atmosphere;  and  I 
have  known  of  cases  of  cotton-mills  being  fired 
as  if  with  gunpowder,  through  the  very  finely- 
divided  particles  of  cotton  being  diffused  through 
the  atmosphere  in  the  mill,  when  it  has  some- 
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times  happened  that  a  flame  has  caught  these 
raised  particles,  and  it  has  run  from  one  end  of 
the  mill  to  the  other,  and  blown  it  up.  That, 
then,  is  on  account  of  the  affinity  which  the 
cotton  has  for  the  oxygen;  but  suppose  I  set 
fire  to  this  piece  of  cotton,  which  is  rolled  up 
tightly,  it  does  not  go  on  burning,  because  I 
have  limited  the  supply  of  oxygen,  and  the 
inside  is  prevented  from  having  access  to  the 
oxygen,  just  as  it  was  in  the  case  of  the  lead 
by  the  oxide.    But  here  is  some  cotton  which 
has  been   imbued  with   oxygen  in  a  certain 
manner.    I  need  not  trouble  you  now  with  the 
way  it  is  prepared;  it  is  called  gun-cotton. (=■) 
See  how  that  burns  [setting  fire  to  a  piece];  it 
is  very  different  from  the  other,  because  the 
oxygen  that  must  be  present  in  its  proper 
amount  is  put  there  beforehand.    And  I  have 
here  some  pieces  of  paper  which  are  prepared 
like  the  gun-cotton  f ),  and  imbued  with  bodies 
containing  oxygen.     Here  is  some  which  has 
been  soaked  in  nitrate  of  strontia— you  will  see 
the  beautiful  red  colour  of  its  fiame;  and  here  is 
another  which  I  think  contains  baryta,  which 
gives  that  fine  green  light;  and  I  have  here 
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some  more  which  has  been  soaked  in  nitrate  of 
copper— it  does  not  burn  quite  so  brightly,  but 
still  very  beautifully.     In  all  these  cases  the 
combustion  goes  on  independent  of  the  oxygen 
of  the  atmosphere.    And  here  we  have  some 
gunpowder  put  into  a  case,  in  order  to  shew 
that  it  is  capable  of  burning  under  water.  You 
know  that  we  put  it  into  a  gun,  shutting  off  the 
atmosphere,  with  shot,  and   yet  the  oxygen 
which  it  contains  supplies  the  particles  with 
that  without  which  chemical  action  could  not 
proceed.    *Now,  I  have  a  vessel  of  water  here, 
and  am  going  to  make  the  experiment  of  put- 
ting this  fuse  under  the  water,  and  you  will  see 
whether  that  water  can  extinguish  it.    Here  it  is 
burning  out  of  the  water,  and  there  it  is  burning 
under  the  water;  and  so  it  will  continue  until 
exhausted,  and  all  by  reason  of  the  requisite 
amount  of  oxygen  being  contained  within  the 
substance.    It  is  by  this  kind  of  attraction  of 
the  different  particles  one  to  the  other  that 
we  are  enabled  to  trace  the  laws  of  chemical 
affinity,  and  the  wonderful  variety  of  the  exer- 
tions of  these  laws. 

Now,  I  want  you  to  obsei-ve  that  one  great 
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exertion   of  this  power,  which   is   known  as 
chemical  affinity,  is  to  produce  HEAT  and  light. 
You  know,  as  a  matter  of  fact,  no  doubt,  that 
when  bodies  burn  they  give  out  heat;  but  it  is 
a  curious  thing  that  this  heat  does  not  continue 
—the  heat  goes  away  as  soon  as  the  action 
stops,  and  you  see  thereby  that  it  depends  upon 
the  action  during-  the  time  it  is  going  on.  It 
is  not  so  with  gravitation:  this  force  is  con- 
tinuous, and  is  just  as  effective  in  making  that 
lead  press  on  the  table  as  it  was  when  it  first 
fell  there.    Nothing  occurs  there  which  disap- 
pears when  the  action  of  falling  is  over;  the 
pressure  is  upon  the  table,  and  will  remain  there 
until  the  lead  is  removed ;  whereas,  in  the  action 
of  chemical  affinity  to  give  light  and  heat,  they 
go  away  immediately  the  action  is  over.  This 
lamp  seems  to   evolve   heat   and   light  con- 
tinuously; but  it  is  owing  to  a  constant  stream 
of  air  coming  into  \t  on  all  sides,  and  this  work 
of  producing  light  and  heat  by  chemical  affinity 
will  subside  as  soon  as' the  stream  of  air  is 
interrupted.    What,  then,  is  this  curious  con- 
dition of  heat.?    Why  is  the  evolution  of  another 
power  of  matter,  of  a  power  new  to  us  and 
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which  we  must  consider  ag  if  it  were  now  for 
the  very  first  time  brought  under  our  notice? 
What  is  heat?    We  recognise  heat  by  its  power 
of  Hquefying  soUd  bodies  and  vaporising  Hquid 
bodies,  by  its  power  of  setting  in  action,  and 
very  often  overcoming,  chemical  affinity.  Then, 
how  do  we  obtain   heat?    We  obtain  it  in 
various  ways — most  abundantly  by  means  of 
the  chemical  affinity  we  have  just  before  been 
speaking  about;  but  we  can  also  obtain  it  in 
many  other  ways.    Friction  will  produce  heat. 
The  Indians  rub  pieces  of  wood  together  until 
they  make  them  hot  enough  to  take  fire;  and 
such  things  have  been  known  as  two  branches 
of  a  tree  rubbing  together  so  hard  as  to  set  the 
tree  on  fire.    I  do  not  suppose  I  shall  set  these 
two  pieces  of  wood  on  fire  by  friction;  but  I 
can  readily  produce  heat  enough  to  ignite  some 
phosphorus.    [The  Lecturer  here  rubbed  two 
pieces   of  cedar-wood   strongly   against  each 
other  for  a  minute,  and  then  placed  on  them 
a   piece   of    phosphorus,    which  immediately 
took  fire.]     And  if  you  take  a  smooth  metal 
button  stuck  on  a  cork,  and  rub  it  on  a  piece 
of  soft    deal   wood,    you   will  make   it  so 
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hot  as  to  scorch  wood  and  paper,  and  burn  a 
match. 

I  am  now  going  to  shew  you  that 
we  can  obtain  heat,  not  by  chemical 
affinity  alone,  but  by  the  pressure  of 
air.    Suppose  I  take  a  pellet  of  cotton 
and  moisten  it  with  a  little  ether,  and 
put  it  into  a  glass  tube  (fig.  31),  and 
then  take  a  piston  and  press  it  dowii 
suddenly,  I  expect  I  shall  be  able  to 
burn  a  little  of  that  ether  in  the  vessel. 
It   wants  a  suddenness  of  pressure, 
or  we  shall  not  do  what  we  require.    [The  piston 
was  forcibly  pressed  down,  when  a  flame,  due 
to  the  combustion  of  the  ether,  was  visible  in 
the  lower  part  of  the  syringe.]     All  we  want 
is  to  get  a  little  ether  in  vapour,  and  give  fresh 
air  each  time,  and  so  we  may  go  on  again  and 
again  getting  heat  enough  by  the  compression 
of  air  to  fire  the  ether-vapour. 

This,  then,  I  think,  will  be  sufficient,  accom- 
panied with  all  you  have  previously  seen,  to 
shew  you  how  we  procure  heat.  And  now'  for 
the  effects  of  this  power.  We  need  not  consider 
many  of  them  on  the  present  occasion,  because 
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when  you  have  seen  its  power  of  changing  ice 
into  water  and  water  into  steam,  you  have  seen 
the  two  principal  I'esults  of  the  apphcation  of 
heat.    I  want  you  now  to  see  how  it  expands 
all  bodies — all  bodies  but  one,  and  that  under 
limited  circumstances.    Mr.  Anderson  will  hold 
a  lamp  under  that  retort,  and  you  will  see  the 
moment  he  does  so  that  the  air  will  issue 
abundantly  from  the  neck,  which  is  under  v/ater, 
because  the  heat  which  he  applies  to  the  air 
causes  it  to  expand.    And  here  is  a  brass  rod 
(fig.  32)  which  goes  through  that  hole,  and  fits 


also  accurately  into  this  gauge;  but  if  I  make  it 
warm  with  this  spirit-lamp,  it  will  only  go  in  the 
gauge  or  through  the  hole  with  difficulty;  and 
if  I  were  to  put  it  into  boiling- water,  it  would 
not  go  through  at  all.    Again,  as  soon  as  the 
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heat  escapes  from  bodies  they  collapse.  See  how 
the  air  is  contracting  in  the  vessel,  now  that  Mr. 
Anderson  has  taken  away  his  lamp :  the  stem' 
of  it  is  filling  with  water.    Notice,  too,  now,  that 
although  I  cannot  get  the  tube  through  this 
hole  or  into  the  gauge,  the  moment  I  cool  it 
by  dipping  it  into  water,  it  goes  through  with 
perfect  facility;  so  that  we  have  a  perfect  proof 
of  this  power  of  heat  to  contract  and  expand 
bodies. 


r 


LECTURE  V. 


MAGNETISM — ELECTRICITY. 

I WONDER  whether  we  shall  be  too  deep 
to-day  or  not.    Remember  that  we  spoke 
of  the  attraction  by  gravitation  of  all  bodies  to 
all  bodies  by  their  simple  approach.  Remember 
that  we  spoke  of  the  attraction  of  particles  of  the 
same  kind  to  each  other, — that  power  which  keeps 
them  together  in  masses, — iron  attracted  to  iron, 
brass  to  brass,  or  water  to  water.  Remember 
that  we  found,  on  looking  into  water,  that  there 
were  particles  of  two  different  kinds  attracted  to 
each  other  ;  and  this  was  a  great  step  beyond 
the  first  simple  attraction  of  gravitation ;  because 
here  we  deal  with  attraction  between  different 
kinds  of  matter.    The  hydrogen  could  attract 
the  oxygen,  and  reduce  it  to  water,  but  it  could 
not  attract  any  of  its  own  particles ;  so  that  there 
we  obtained  a  first  indication  of  the  existence  of 
two  attractions. 
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To-day  we  come  to  a  kind  of  attraction  even 
more  curious  tlian  the  last,  namely,  the  attrac- 
tion which  we  find  to  be  of  a  double  nature— of 
a  curious  and  dual  nature.    And  I  want  first 
of  all  to  make  the  nature  of  this  doubleness 
clear  to  you.    Bodies  are  sometimes  endowed 
with  a  wonderful  attraction,  which  is  not  found 
in  them  in  their  ordinary  state.    For  instance, 
here  is  a  piece  of  shell-lac,  having  the  attraction 
of  gravitation,  having  the  attraction  of  cohesion; 
and  if  I  set  fire  to  it,  it  would  have  the  attrac- 
tion of  chemical  affinity  to  the  oxygen  in  the 
atmosphere.    Now,  all  these  powers  we  find  in 
It  as  if  they  were  parts  of  its  substance;  but 
there  is  another  property  which  I  will  try  and 
make  evident  by  means  of  this  ball,  this  bubble 
of  air  [a  light  india-rubber  ball,  inflated  and 
suspended  by  a  thread].    There  is  no  attraction 
between  this  ball  and  this  shell-lac  at  present  • 
there  may  be  a  little  wind  in  the  room  slightly 
moving  the  ball  about,  but  there  is  no  attrac- 
tion.   But  if  I  rub  the  shell-lac  with  a  piece  of 
flannel  [rubbing  the  shell-lac,  and  then  holding. 
It  near  the  ball],  look  at  the  attraction  which 
has  ansen  out  of  the  shell-lac,  simply  by  this 
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friction,  and  which  I  may  take  away  as  easily 
by  drawing  it  gently  through  my  hand.  [The 
Lecturer  repeated  the  experiment  of  exciting 
the  shell-laG,  and  then  removing  the  attractive 
power  by  drawing  it  through  his  hand.]  Again, 
you  will  see  I  can  repeat  this  experiment  witt 
another  substance;  for  if  I  take  a  glass  rod  and 
rub  it  with  a  piece  of  silk  covered  with  what 
we  call  amalgam,  look  at  the  attraction  which 
it  has,  how  it  draws  the  ball  towards  it ;  and 
then,  as  before,  by  quietly  rubbing  it  through 
the  hand,  the  attraction  will  be  all  removed 
again,  to  come  back  by  friction  with  this  silk. 

But  now  we  come  to  another  fact.  I  will 
take  this  piece  of  shell-lac  and  make  it  attractive 
by  friction;  and  remember  that  whenever  we 
get  an  attraction  of  gravity,  chemical  affinity, 
adhesion,  or  electricity  (as  in  this  case),  the 
body  which  attracts  is  attracted  also;  and  just 
as  much  as  that  ball  was  attracted  by  the 
shell-lac,  the  shell-lac  was  attracted  by  the  ball. 
Now,  I  will  suspend  this  piece  of  excited  shell-lac 
in  a  little  paper  stirrup,  in  this  way  (fig.  33).  in 
order  to  make  it  move  easily,  and  I  will  take 
another  piece  of  shell-lac,  and  after  rubbing  it 
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with  flannel,  will  bring-  them  near  together. 
You  will  think  that  they  ought  to  attract  each 
other;  but  now  what  happens?  It  does  not 
attract ;  on  the  contrary,  it  very  strongly  repels, 


'^S-  33 


and  I  can  thus  drive  it  round  to  any  extent. 
These,  therefore,  repel  each  other,  although 
they  are  so  strongly  attractive-repel  each 
other  to  the  extent  of  driving  this  heavy  piece 
of  shell-lac  round  and  round  in  this  way.  But  if 
I  excite  this  piece  of  shell-lac,  as  before,  and  take 
this  piece  of  glass  and  rub  it  with  silk,  and 
then  bring  them  near,  what  think  you  will 
happen  ?  [The  Lecturer  held  the  excited  glass 
near  the  excited  shell-lac,  when  they  attracted 
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each  other  strongly.]  You  see,  therefore,  what 
a  difiference  there  is  between  these  two  attrac- 
tions,— they  are  actually  two  kinds  of  attraction 
concerned  in  this  case,  quite  different  to 
anything  we  have  met  with  before;  but  the 
force  is  the  same.  We  have  here,  then,  a 
double  attraction — a  dual  attraction  or  force 
— one  attracting,  and  the  other  repelling. 

Again,  to  shew  you  another  experiment 
which  will  help  to  make  this  clear  to  you. 
Suppose  I  set  up  this  rough  indicator  again 
[the  excited  shell-lac  suspended  in  the  stirrup] — 
it  is  rough,  but  delicate  enough  for  my  purpose; 
and  suppose  I  take  this  other  piece  of  shell-lac, 
and  take  away  the  power,  Avhich  I  can  do  by 
drawing  it  gently  through  the  hand;  and  sup- 
pose I  take  a  piece  of  flannel  (fig.  34),  which  I 
have  shaped  into  a  cap  for  it  and  made  dry. 
I  will  put  this  shell-lac  into  the  flannel,  and  here 
comes  out  a  very  beautiful  result.  I  will  rub 
this  shell-lac  and  the  flannel  together  (which  I 
can  do  by  twisting  the  shell-lac  round),  and  leave 
them  in  contact ;  and  then,  if  I  ask,  by  bringing 
them  nearer  our  indicator,  what  is  the  attractive 
force } — it  is  nothing!    But  if  I  take  them  apart, 
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and  then  ask  what  will  they  do  when  they  are 
separated — why,  the  shell-lac  is  strongly  repelled, 
as  it  was  before,  but  the  cap  is  strongly  attractive  ; 
and  yet  if  I  bring  them  both  together  again,  there 
is  no  attraction — it  has  all  disappeared  [the 


Fig-  34- 


experiment  was  repeated].  Those  two  bodies, 
therefore,  still  contain  this  attractive  power: 
when  they  were  parted,  it  was  evident  to  your 
senses  that  they  had  it,  though  they  do  not 
attract  when  they  are  together. 

This,  then,  is  sufficient  in  the  outset  to  ffive 
you  an  idea  of  the  nature  of  the  force  which 
we  call  ELECTRICITY.    There  is  no  end  to  the 
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things  from  which  you  can  evolve  this  power. 
When  you  go  home,  take  a  stick  of  sealing-wax 
— I  have  rather  a  large  stick,  but  a  smaller  one 
will  do — and  make  an  indicator  of  this  sort 
(fig-  35)-  Take  a  watch-glass  (or  your  watch 
itself  will  do ;  you  only  want  something  which 


Fig.  35- 


shall  have  a  round  face),  and  now,  if  you  place  a 
piece  of  flat  glass  upon  that,  you  have  a  very 
easily  moved  centre.  And  if  I  take  this  lath  and 
put  it  on  the  flat  glass  (you  see  I  am  searching 
for  the  centre  of  gravity  of  this  lath — I  want  to 
balance  it  upon  the  watch-glass),  it  is  very 
easily  moved  round ;  and  if  I  take  this  piece  of 
sealing-wax  and  rub  it  against  my  coat,  and 
then  try  whether  it  is  attractive  [holding  it  near 
the  lath],  you  see  how  strong  the  attraction  is; 
I  can  even  draw  it  about.  Here,  then,  you  have 
a  very  beautiful  indicator,  for  I  have,  with  a 
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small  piece  of  sealilig-wax  aiid  my  coat,  pulled 
round  a  plank  of  that  kind  ;  so  you  need  be  in 
no  want  of  indicators  to  discover  the  presence 
of  this  attraction.  There  is  scarcely  a  substance 
which  we  may  not  use.  Here  are  some  indica- 
tors (fig.  36).    I  bend  round  a  strip  of  paper  into 


a  hoop,  and  we  have  as  good  an  indicator  as  can 
be  required.  See  how  it  rolls  along,  travelling 
after  the  sealing-wax.  If  I  make  them  smaller, 
of  course  we  have  them  running  faster,  and 
sometimes  they  are  actually  attracted  up  into 
the  air.  Here  also  is  a  little  collodion  balloon. 
It  is  so  electrical  that  it  will  scarcely  leave  my 
hand  unless  to  go  to  the  other.  See,  how  curi- 
ously electrical  it  is :  it  is  hardly  possible  for  me 
to  touch  it  without  making  it  electrical;  and 
here  is  a  piece  which  clings  to  anything  it  is 
brought  near,  and  which  it  is  not  easy  to  lay 


Fig.  36. 
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down.  And  here  is  another  substance,  gutta- 
percha, in  thin  strips :  it  is  astonishing  how,  by- 
rubbing  this  in  your  hands,  you  make  it  electri- 
cal. But  our  time  forbids  us  to  go  further  into 
this  subject  at  present.  You  see  clearly  there  are 
two  kinds  of  electricities  which  may  be  obtained 
by  rubbing  shell-lac  with  flannel,  or  glass  with 
silk. 

Now,  there  are  some  curious  bodies  in  nature 
(of  which  I  have  two  specimens  on  the  table) 
which  are  called  magnets  or  loadstones — ores  of 
iron,  of  which  there  is  a  great  deal  sent  from 
Sweden.  They  have  the  attraction  of  gravita- 
tion, and  attraction  of  cohesion,  and  certain 
chemical  attraction ;  but  they  also  have  a  great 
attractive  power,  for  this  little  key  is  held  up 
by  this  stone.  Now,  that  is  not  chemical 
attraction, — it  is  not  the  attraction  of  chemical 
affinity,  or  of  aggregation  of  particles,  or  of 
cohesion,  or  of  electricity  (for  it  will  not 
attract  this  ball  if  I  bring  it  n-ear  it);  but  it  is 
a  separate  and  dual  attraction — and,  what  is 
more,  one  which  is  not  readily  removed  from 
the  substance,  for  it  has  existed  in  it  for  ages 
and  ages  in  the  bowels  of  the  earth.    Now,  we 


MAGNETISM — ELECTRICITY.  1 3  I 

can  make  artificial  magnets  (you  will  see  me 
to-morrow  make  artificial  magnets  of  extra- 
ordinary power).    And  let  us  take  one  of  these 
artificial  magnets,  and   examine  it,   and  see 
where  the  power  is  in  the  mass,  and  whether  it 
is  a  dual  power.    You  see  it  attracts  these  keys, 
two  or  three  in  succession,  and  it  will  attract 
a  very  large  piece  of  iron.     That,  then,  is  a 
very  different  thing  indeed  to  what  you  saw 
in  the  case   of  the  shell-lac;  for  that  only 
attracted  a  light  ball,  but  here  I  have  several 
ounces  of  iron  held  up.    And  if  we  come  to 
examine  this  attraction  a  little  more  closely, 
we  shall  find  it  presents  some  other  remark- 
able differences  :  first  of  all,  one  end  of  this 
bar  (fig.  37)  attracts  this  key,  but  the  middle 
does  not  attract.    It  is  not,  then,  the  ivhole  of 
the  substance  which  attracts.    If  I  place  this 
little  key  in  the  middle,  it  does  not  adhere;  but 
if  I  place  it  there,  a  httle  nearer  the  end,  it 
does,  though  feebly.     Is   it   not,  then,  very 
curious  to  find  that  there  is  an  attractive  power 
at  the  extremities  which  is  not  in  the  middle- 
to  have  thus  in  one  bar  two  places  in  which 
this  force  of  attraction  resides!    If  I  take  this 
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bar  and  balance  it  carefully  on  a  point,  so  that 
it  will  be  free  to  move  round,  I  can  tiy  what 
action  this  piece  of  iron  has  on  it.  Well,  it 
attracts  one  end,  and  it  also  attracts  the  other 
end,  just  as  you  saw  the  shell-lac  and  the  glass 
did,  with  the  exception  of  its  not  attracting  in 
the  middle.  But  if  now,  instead  of  a  piece  of 
iron,  I  take  a  magnet,  and  examine  it  in  a 
similar  way,  you  see  that  one  of  its  ends  repels 
the  suspended  magnet — the  force  then  is  no 


longer  attraction,  but  repulsion ;  but  if  I  take 
the  other  end  of  the  magnet  and  bring  it  near, 
it  shews  attraction  again. 

You  will  see  this  better,  perhaps,  by  another 
kind  of  experiment.  Here  (fig.  38)  is  a  little 
magnet,  and  I  have  coloured  the  ends  differ- 
ently, so  that  you  may  distinguish  one  from  the 
other.    Now  this  end  (s)  of  the  magnet  (fig.  37) 
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attracts  the  tincoloured  end  of  the  Httle  masrnet. 
You  see  it  pulls  it  towards  it  with  great  power; 
and  as  I  carry  it  round,  the  uncoloured  end 
still  follows.     But  now,  if  I  gradually  bring 
the  middle  of  the  bar  magnet  opposite  the 
uncoloured  end  of  the  needle,  it  has  no  effect 
upon  it,  either  of  attraction  or  repulsion,  until, 
as  I  come  to  the  opposite  extremity  (n),  you  see 
that  it  is  the  coloured  end  of  the  needle  which  is 
pulled  towards  it.    We  are  now  therefore  deal- 
ing with  two  kinds  of  power,  attracting  different 
ends  of  the  magnet — a  double  power,  already 
existing  in  these  bodies,  which  takes  up  the 
form  of  attraction  and  repulsion.    And  now, 
when   I   put   up   this   label   with   the  word 
MAGNETISM,  you  will  understand  that  it  is  to 
express  this  double  power. 

Now,  with  this  loadstone  you  may  make 
magnets  artificially.  Here  is  an  artificial  ma^- 
net  (fig.  39)  in  which  both  ends  have  been 
brought  together  in  order  to  increase  the  attrac- 
tion. This  mass  will  lift  that  lump  of  iron;  and, 
what  is  more,  by  placing  this  keeper,  as  it  is 
called,  on  the  top  of  the  magnet,  and  taking 
hold  of  the  handle,  it  will  adhere  sufl=.ciently 
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Strongly  to  allow  itself  to  be  lifted  up — so 
wonderful  is  its  power  of  attraction.  If  you 
take  a  needle,  and  just  draw  one  of  its  ends 
along  one  extremity  of  the  magnet,  and  then 


draw  the  other  end  a,long  the  other  extremity, 
and  then  gently  place  it  on  the  surface  of  some 
water  (the  needle  will  generally  float  on  the  sur- 
face, owing  to  the  slight  greasiness  communicated 
to  it  by  the  fingers),  you  will  be  able  to  get  all 
the  phenomena  of  attraction  and  repulsion,  by 
bringing  another  magnetised  needle  near  to  it. 

I  want  you  now  to  observe,  that  although  I 
have  shewn  you  in  these  magnets  that  this 
double  power  becomes  evident  principally  at 
the  extremities,  yet  the  zvJiole  of  the  magnet  is 
concerned  in  giving  the  power.    That  will  at 
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first  seem  rather  strange;  and  I  must  therefore 
shew  you  an  experiment  to  prove  that  this  is 
not  an  accidental  matter,  but  that  the  whole 
of  the  mass  is  really  concerned  in  this  force, 
just  as  in  falling  the  whole  of  the  mass  is 
acted  upon  by  the  force  of  gravitation.  I  have 
here  (fig.  40)  a  steel  bar,  and  I  am  going  to 


Fig.  40. 

make  it  a  magnet,  by  rubbing  it  on  the  large 
magnet  (fig.  39).    I  have  now  made  the  two 
ends  magnetic  in  opposite  ways.    I  do  not  at 
present  know  one  from  the  other,  but  we  can 
soon  find  out.    You  see  when  I  bring  it  near 
our  magnetic  needle  (fig.  38)  one  end  repels 
and  the  other  attracts;  and  the  middle  will 
neither  attract  nor  repel-it  cannot,  because  it 
IS  half-zvay  between   the  two  ends.     But  now, 
if  I  break  out  that  piece  {n  s),  and  then  examine 
It-see  how  strongly  one  end  {n)  pulls  at  this 
end  (s,  fig.  38),  and  how  it  repels  the  other  end 
(N).    And  so  it  can  be  shewn  that  every  part 
of  the  magnet  contains  this  power  of  attraction 
and   repulsion,   but  that   the   power  is  only 
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rendered  evident  at  the  end  of  the  mass.  You 
will  understand  all  this  in  a  little  while;  but 
what  you  have  now  to  consider  is,  that  every 
part  of  this  steel  is  in  itself  a  magnet.  Here  is 
a  little  fragment  which  I  have  broken  out  of 
the  very  centre  of  the  bar,  and  you  will  still 
see  that  one  end  is  attractive  and  the  other  is 
repulsive.  Now,  is  not  this  power  a  most 
wonderful  thing  and  very  strange  the  means 
of  taking  it  from  one  substance  and  bringing 
it  to  other  matters I  cannot  make  a  piece 
of  iron  or  anything  else  heavier  or  lighter  than 
it  is.  Its  cohesive  power  it  must  and  does  have; 
but,  as  you  have  seen  by  these  experiments,  we 
can  add  or  subtract  this  power  of  magnetism, 
and  almost  do  as  we  like  with  it, 

And  now  we  will  return  for  a  short  time  to 
the  subject  treated  of  at  the  commencement  of 
this  lecture.  You  see  here  (fig.  41)  a  large 
machine,  arranged  for  the  purpose  of  rubbing 
glass  with  silk,  and  for  obtaining  the  power 
called  electricity;  and  the  moment  the  handle 
of  the  machine  is  turned,  a  certain  amount  of 
electricity  is  evolved,  as  you  will  see  by  the  rise 
of  the  little  straw  indicator  (at  A).    Now,  I 
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know  from  the  appearance  of  repulsion  of  the 
pith  ball  at  the  end  of  the  straw,  that  electricity- 
is  present  in  those  brass  conductors  (B  b),  and  I 
want  you  to  see  the  manner  in  which  that 
electricity  can  pass  away.    [Touching  the  con- 


Fig.  41. 


dutor  (b)  with  his  finger,  the  Lecturer  drew  a 
spark  from  it,  and  the  straw  electrometer  imme- 
diately fell.]  There,  it  has  all  gone;  and  that  I 
have  really  taken  it  away,  you  shall  see  by  an 
experiment  of  this  sort.  If  I  hold  this  cylinder 
of  brass  by  the  glass  handle,  and  touch  the 
conductor  with  it,  I  take  away  a  little  of  the 
electricity.     You  see  the  spark  in  which  it 

passes,  and  obsei-ve  that  the  pith-ball  indicator 

K 
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has  fallen  a  little,  which  seems  to  imply  that 
so  much  electricity  is  lost ;  but  it  is  not  lost : 
it  is  here  in  this  brass;  and  I  can  take  it  away 
and  carry  it  about,  not  because  it   has  any 
substance  of  its  own,  but  by  some  strange 
property  which  Ave  have  not  before  met  with 
as  belonging  to  any  other  force.    Let  us  see 
whether  we  have  it  here  or  not.    [The  Lecturer 
brought  the  charged  cylinder  to  a  jet  from 
which  gas  was  issuing;  the  spark  was  seen  to 
pass  from  the  cylinder  to  the  jet,  but  the  gas 
did  not  light.]    Ah!  the  gas  did  not  light,  but 
you  saw  the  spark ;  there  is,  perhaps,  some 
draught  in  the  room  which  blew  the  gas  on 
one  side,  or  else  it  would  light.    We  will  try 
this  experiment  afterwards.    You  see  from  the 
spark  that  I  can  transfer  the  power  from  the 
machine  to  this  cylinder,  and  then  carry  it 
away  and  give  it  to  some  other  body.  You 
know  very  well,  as  a  matter  of  experiment,  that 
we  can  transfer  the  power  of  heat  from  one 
thing  to  another;  for  if  I  put  my  hand  near 
the  fire  it  becomes  hot.    I  can  shew  you  this 
by  placing  before  us  this  ball,  which  has  just 
been  brought  red-hot  from  the  fire.    If  I  press 
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this  wire  to  it,  some  of  the  heat  will  be  trans- 
ferred from  the  ball;  and  I  have  only  now  to 
touch  this  piece  of  gun-cotton  with  the  hot 
wire,  and  you  sec  how  I  can  transfer  the  heat 
from  the  ball  to  the  wire,  and  from  the  ware  to 
the  cotton.  So  you  see  that  some  powers  are 
transferable,  and  others  are  not.  Observe  how 
long  the  heat  stops  in  this  ball.  I  might  touch 
it  with  the  wire,  or  with  my  finger,  and  if  I 
did  so  quickly,  I  should  merely  burn  the  surface 
of  the  skin;  whereas,  if  I  touch  that  cylinder, 
however  rapidly,  with  my  finger,  the  electricity 
is  gone  at  once — dispersed  on  the  instant,  in  a 
manner  wonderful  to  think  of 

I  must  now  take  up  a  little  of  your  time  in 
shewing  you  the  manner  in  which  these  powers 
are  transferred  from  one  thing  to  another;  for 
the  manner  in  which  force  may  be  conducted 
or  transmitted  is  extraordinarj^,  and  most  essen- 
tial for  us  to  understand.  Let  us  see  in  what 
manner  these  powers  travel  from  place  to  place. 
Both  heat  and  electricity  can  be  conducted ;  and 
here  is  an  arrangement  I  have  made  to  shew 
how  the  former  can  travel.  It  consists  of  a  bar 
of  copper  (fig.  42);  and  if  I  take  a  .spirit-lamp 
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(this  is  one  way  of  obtaining  the  power  of  heat), 
and  place  it  under  that  little  chimney,  the  flame 
will  strike  against  the  bar  of  copper  and  keep  it 


Fig.  42. 


transferred  from  the  flame  of  that  lamp  to  the 
copper,  and  you  will  see  by-and-by  that  it  is 
being  conducted  along  the  copper  from  particle 
to  particle;  for,  inasmuch  as  I  have  fastened 
these  wooden  balls  by  a  little  wax  at  particular 
distances  from  the  point  where  the  copper  is 
first  heated,  first  one  ball  will  fall,  and  then  the 
more  distant  ones,  as  the  heat  travels  along — 
and  thus  you  will  learn  that  the  heat  travels 
gradually  through  the  copper.  You  will  see 
that  this  is  a  very  slow  conduction  of  power,  as 
compared  with  electricity.    If  I  take  cylinders 
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of  wood  and  metal,  joined  together  at  the  ends, 
and  wrap  a  piece  of  paper  round,  and  then  apply 
the  heat  of  this  lamp  to  the  place  where  the 
metal  and  wood  join,  you  will  see  how  the  heat 
will  accumulate  where  the  wood  is,  and  burn 
the  paper  .with  which  I  have  covered  it;  but 
where  the  metal  is  beneath,  the  heat  is  con- 
ducted away  too  fast  for  the  paper  to  be  burned. 
And  so,  if  I  take  a  piece  of  wood  and  a  piece  of 
metal  joined  together,  and  put  it  so  that  the 
flame  should  play  equally  both  upon  one  and 
the  other,  we  shall  soon  find  that  the  metal 
will  become  hot  before  the  wood;  for  if  I  put  a 
piece  of  phosphorus  on  the  wood,  and  another 
piece  on  the  copper,  you  will  find  that  the 
phosphorus  on  the  copper  will  take  fire  before 
that  on  the  wood  is  melted— and  this  shews  you 
how  badly  the  Avood  conducts  heat.    But  with 
regard  to  the  travelling  of  electricity  from  place 
to  place,  its  rapidity  is  astonishing,    I  will,  first 
of  all,  take  these  pieces  of  glass  and  metal,  and 
you  will  soon  understand  how  it  is  that  the 
glass  does  not  lose  the  power  which  it  acquired 
when  it  is  rubbed  by  the  silk.    By  one  or  two 
experiments  I  will  shew  you.     If  I  take  this 
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piece  of  brass  and  bring  it  near  tlie  machine, 
you  see  how  the  electricity  leaves  the  latter, 
and  passes  to  the  brass  cylinder.    And,  again,  if 
I  take  a  rod  of  metal  and  touch  the  machine 
with  it,  I  lower  the  indicator;  but  when  I  touch 
it  with  a  rod  of  glass,  no  power  is  drawn  away, 
— shewing  you  that  the  electricity  is  conducted 
by  the  glass  and  the  metal  in  a  manner  entirely 
different:   and  to  make   you   see   that  more 
clearly,  we  will  take  one  of  our  Leyden  jars. 
Now,  I  must  not  embarrass  your  minds  with 
this  subject  too  much;  but  if  I  take  a  piece  of 
metal,  and  bring  it  against  the  knob  at  the  top 
and  the  metallic  coating  at  the  bottom,  you  will 
see  the  electricity  passing  through  the  air  as  a 
brilliant  spark.    It  takes  no  sensible  time  to 
pass  through  this;  and  if  I  were  to  take  a  long 
metallic  wire,  no  matter  what  the  length — at 
least  as  far  as  we  are  concerned — and  if  I  make 
one  end  of  it  touch  the  outside,  and  the  other 
touch  the  knob  at  the  top,  see  how  the  elec- 
tricity passes! — it  has  flashed  instantaneously 
through  the  whole  length  of  this  Sire.    Is  not 
this  different  from   the   transmission  of  heat 
through  this  copper  bar  (fig.  42),  which  has 
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taken  a  quarter  of  an  hour  or  more  to  reach 
the  first  ball? 

Here  is  another  experiment,  for  the  purpose 
of  shewing  the   conductibility  of  this  power 
through  some  bodies,  and  not  through  others. 
Why  do  I  have  this  arrangement  made  of  brass? 
[pointing  to  the  brass  work  of  the  electrical 
machine,  fig.  41].    Because  it  conducts  electri- 
city?   And  why  do  I  have  these  columns  made 
of  glass  ?    Because  they  obstruct  the  passage  of 
electricity.    And  why  do  I  put  that  paper  tassel 
(fig.  43)  at  the  top  of  the  pole,  upon  a  glass 
rod,  and  connect  it  with  this  machine  by  means 
of  a  wire  ?    You  see  at  once  that  as  soon  as  the 
handle  of  the  machine  is  turned,  the  electricity 
which  is  evolved  travels  along  this  wire  and  up 
the  wooden  rod,  and  goes  to  the  tassel  at  the 
top,  and  you  see  the  power  of  repulsion  with 
which  it  has  endowed  these  strips  of  paper,  each 
spreading  outwards  to  the  ceiling  and  sides  of 
the  room.    The  outside  of  that  wire  is  covered 
with  gutta-percha.    It  would  not  serve  to  keep 
the  force  from  you  when  touching  it  with  your 
hands,  because  it  would  burst  through;  but  it 
answers  our  purpose  for  the  present.    And  so 
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you  perceive  how  easily  I  can  manage  to  send 
this  power  of  electricity  from  place  to  place,  by 
choosing  the  materials  which  can  conduct  the 


Fig-  43- 

power.  Suppose  I  want  to  fire  a  portion  of 
gunpowder,  I  can  readily  do  it  by  this  transfer- 
able power  of  electricity.    I  will  take  a  Leyden 
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jar,  or  any  other  arrangement  which  gives  us 
this  power,  and  arrange  wires  so  that  they  may 
carry  the  power  to  the  place  I  wish;  and  then 
placing  a  little  gunpowder  on  the  extremities  of 
the  wires,  the  moment  I  make  the  connection 
by  this  discharging  rod,  I  shall  fire  the  gun- 
powder. [The  connection  was  made,  and  the 
gunpowder  ignited.]     And  if  I  were  to  shew 
you  a  stool  like  this,  and  were  to  explain  to  you 
its  construction,  you  could  easily  understand 
that  we  use  glass  legs,  because  these  are  capable 
of  preventing  the  electricity  from  going  away  to 
the  earth.    If,  therefore,  I  were  to  stand  on  this 
stool,  and  receive  the  electricity  through  this 
conductor,  I  could  give  it  to  anything  that  I 
touched.    [The  Lecturer  stood  upon  the  insu- 
lating stool,  and  placed  himself  in  connection 
with  the  conductor  of  the  machine.]    Now,  I  am 
electrified— I  can  feel  my  hair  rising  up  as  the 
paper  tassel  did  just  now.    Let  us  see  whether 
I  can  succeed,  in  lighting  gas  by  touching  the 
jet  with  my  finger.    [The  Lecturer  brought  his 
finger  near  a  jet  from  which  gas  was  issuing, 
when,  after  one  or  two  attempts,  the  spark  which 
came  from  his  finger  to  the  jet  set  fire  to  the 
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gas.]  You  now  see  how  it  is  that  this  power  of 
electricity  can  be  transferred  from  the  matter  in 
which  it  is  generated,  and  conducted  along 
wires  and  other  bodies,  and  thus  be  made  to 
serve  new  purposes  utterly  unattainable  by  the 
powers  we  have  spoken  of  on  previous  days; 
and  you  will  not  now  be  at  a  loss  to  bring  this 
power  of  electricity  into  comparison  with  those 
which  we  have  previously  examined;  and  to- 
morrow we  shall  be  able  to  go  further  into  the 
consideration  of  these  transferable  powers. 


Lecture  vl 


THE  CORRELATION  OF  THE  PHYSICAL  FORCES. 

\A/^  have  frequently  seen,  during  the  course 
of  these  lectures,  that  one  of  those 
powers  or  forces  of  matter,  of  which  I  have 
written  the  names  on  that  board,  has  produced 
results  which  are  due  to  the  action  of  some 
other  force.     Thus,  you  have  seen  the  force 
of  electricity  acting  in  other  ways  than  in  at- 
tracting: you  have  also  seen  it  combine  matters 
together,  or  disunite  them,  by  means  of  its  action 
on  the  chemical  force;  and  in  this  case,  there- 
fore, you  have  an  instance  in  which  these  two 
powers  are  related.    But  we  have  other  and 
deeper  relations  than  these;  we  have  not  merely 
to  see  how  it  is  that  one  power  affects  another 
—how  the  force  of  heat  affects  chemical  affinity, 
and  so  forth— but  we  must  try  and  comprehend 
what  relation  they  bear  to  each  other,  and  how 
these  powers  may  be  changed  one  into  the 
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other;  and  it  will  to-da}^  require  all  my  care, 
and  your  care  too,  to  make  this  clear  to  your 
minds.  I  shall  be  obliged  to  confine  myself 
to  one  or  two  instances,  because,  to  take  in  the 
whole  extent  of  this  mutual  relation  and  con- 
version of  forces,  would  surpass  the  human 
intellect. 

In  the  first  place,  then,  here  is  a  piece  of  fine 
zinc-foil ;  and  if  I  cut  it  into  narrow  strips  and 
apply  to  it  the  power  of  heat,  admitting  the 
contact  of  air  at  the  same  time,  you  will  find 
that  it  burns;  and  then,  seeing  that  it  burns, 
you  will  be  prepared  to  say  that  there  is 
chemical  action  taking  place.  You  see  all  I 
have  to  do  is  to  hold  the  piece  of  zinc  at  the 
side  of  the  flame,  so  as  to  let  it  get  heated,  and 
yet  to  allow  the  air  which  is  flowing  into  the 
flame  from  all  sides  to  have  access  to  it ; — there 
is  the  piece  of  zinc  burning  just  like  a  piece  of 
wood,  only  brighter.  A  part  of  the  zinc  is 
going  up  into  the  air,  in  the  form  of  that  white 
smoke,  and  part  is  falling  down  on  to  the  table. 
This,  then,  is  the  action  of  chemical  affinity 
exerted  between  the  zinc  and  the  oxygen  of  the 
air.    I  will  shew  you  what  a  curious  kind  of 
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affinity  this  is  by  an  experiment,  whicii  is  rather 
striking  when  seen  for  the  first  time.    I  have 
here  some  iron  filings  and  gunpowder,  and  will 
mix  them  carefully  together,  with  as  little  rough 
handling  as  possible.    Now,  we  will  compare  the 
combustibility,  so  to  speak,  of  the  two.    I  will 
pour  some  spirit  of  wine  into  a  basin,  and  set  it 
on  fire:  and,  haying  our  flame,  I  will  drop  this 
mixture  of  iron  filings  and  gunpowder  through 
it,  so  that  both  sets  of  particles  will  have  an 
equal  chance  of  burning.     And  now,  tell  me 
which  of  them  it  is  that  burns.?    You  see  a 
plentiful  combustion  of  the  iron-filings.    But  I 
want  you  to  observe  that,  though  they  have 
equal  chances  of  burning,  we  shall  find  that  by 
far  the  greater  part  of  the  gunpowder  remains 
untouched.    I  have  only  to  drain  off  this  spirit 
of  wine,  and  let  the  powder  which  has  gone 
through  the  flame  dry,  which  it  will  do  in  a  few 
minutes,  and  I  will  then  test  it  with  a  lighted 
match.    So  ready  is  the  iron  to  burn,  that  it 
takes,  under  certain  circumstances,  even  less 
time  to  catch  fire  than  gunpowder.    [As  soon  as 
the  gunpowder  was  dry,  Mr.  Anderson  handed 
it  to  the  Lecturer,  who  applied  a  lighted  match 
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to  it,  when  a  sudden  flash  shewed  how  large  a 
proportion  of  gunpowder  had  escaped  combus- 
tion when  falling  through  the  flame  of  alcohol.] 

These  are  all  cases  of  chemical  affinity;  and  I 
shew  them  to  make  you  understand  that  we 
are  about  to  enter  upon  the  consideration  of  a 
strange  kind  of  chemical  affinity,  and  then  to  see 
how  far  Ave  are  enabled  to  convert  this  force  of 
affinity  into  electricity  or  magnetism,  or  any 
other  of  the  forces  which  we  have  discussed. 
Here  is  some  zinc  (I  keep  to  the  metal  zinc,  as 
it  is  very  useful  for  our  purpose),  and  I  can 
produce  hydrogen  gas  by  putting  the  zinc  and 
sulphuric  acid  together,  as  they  are  in  that 
retort.    There  you  see  the  mixture  which  gives 
us  hydrogen — the  zinc  is  pulling  the  water  to 
pieces  and  setting  free  hydrogen  gas.  Now, 
we  have  learned  by  experience  that,  if  a  little 
mercuiy  is  spread  over  that  zinc,  it  does  not 
take  azvay  its  power  of  decomposing  the  water, 
but  modifies  it  most  curiously.    See  how  that 
mixture  is  now  boiling;  but  when  I  add  a  little 
mercury  to  it,  the  gas  ceases  to  come  off".  We 
have  now  scarcely  a  bubble  of  hydrogen  set  free, 
so  that  the  action  is  suspended  for  the  time.  We 
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have  not  destroyed  the  power  of  chemical  affinity, 
but  modified  it  in  a  wonderful  and  beautiful 
manner.    Here  are  some  pieces  of  zinc  covered 
with  mercury,  exactly  in  the  same  way  as  the 
zinc  in  that  retort  is  covered;  and  if  I  put  this 
plate  into  sulphuric  acid,  I  get  no  gas— but  this 
most  extraordinary  thing  occurs,  that  if  I  intro- 
duce along  with  the  zinc  another  metal  which  is 
not^o  combustible,  then  I  reproduce  all  the  action. 
I  am  now  going  to  put  to  the  amalgamated 
zinc  in  this  retort  some  portions  of  copper  wire 
(copper  not  being  so  combustible  a  metal  as  the 
zinc),  and  observe  how  I  get  hydrogen  again. 
As  in  the  first  instance,  there  the  bubbles  are 
coming  over  through  the  pneumatic  trough,  and 
ascending  faster  and  faster  in  the  jar.    The'  zinc 
now  is  acting  by  reason  of  its  contact  with  the 
copper. 

Every  step  we  are  now  taking  brings  us  to  a 
knowledge  of  new  phenomena.  That  hydrogen 
which  you  now  see  coming  ofif  so  abundantly 
does  not  come  from  the  zinc,  as  it  did  before 
but  from  the  eopper.  Here  is  a  jar  containino^ 
a  solution  of  copper.  If  I  put  a  piece  of  this 
amalgamated  zinc  into  it,  and  leave  it  there  it 
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has  scarcely  any  action ;  and  here  is  a  plate  of 
platinum,  which  I  will  immerse  in  the  same 
solution,  and  might  leave  it  there  for  hours, 
days,  months,  or  even  years,  and  no  action 
would  take  place.  But  by  putting  them  both 
too-ether,  and  allowing  them  to  touch  (fig.  44), 


Fig.  44- 


Fig.  45- 


you  see  what   a   coating  of  copper  there  is 
immediately  thrown  down   on   the  platinum. 
Why  is  this.?    The  platinum  has  no  power  of 
itself  to  reduce  that  metal  from  that  fluid,  but  it 
has  in  some  mysterious  way  received  this  power 
by  its  contact  with  the  metal  zinc.    Here,  then, 
you  see  a  strange  transfer  of  chemical  force  from 
one  metal  to  another— the  chemical  force  from 
the  zinc  is  transferred,  and  made  over  to  the 
platinum  by  the  mere  association  of  the  two 
metals.    I  might  take,  instead  of  the  platinum,  a 
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piece  of  copper  or  of  silver,  and  it  would  have 
no  action  of  its  own  on  this  solution ;  but  the 
moment  the  zinc  was  introduced  and  touched 
the  other  metal,  then  the  action  would  take 
place,  and  it  would  become  covered  with  copper. 
Now,  is  not  this  most  wonderful  and  beautiful 
to  see?    We  still  have  the  identical  chemical 
force  of  the  particles  of  zinc  acting,  and  yet  in 
some  strange  manner  we  have  power  to  make 
■  that  chemical  force,  or  something  it  produces, 
travel  from  one  place  to  another— for  we  do 
make  the  chemical  force  travel  from  the  zinc  to 
the  platinum  by  this  very  curious  experiment  of 
usmg  the  two  metals  in  the  same  fluid  in  contact 
Ayith  each  other. 

Let  us  now  examine  these  phenomena  a  little 
more  closely.     Here  is  a  drawing  (fig.  45)  j,, 
^vhIch  I  have  represented  a  vessel  containing  the 
acid  hquid,  and  the  slips  of  zinc  and  platinum 
or  copper,  and  I  have  shewn  them  touching  each 
other  outside  by  means  of  a  wire  coming  from 
each  of  them  (for  it  matters  not  whether  they 
touch  in  the  fluid  or  outside-by  pieces  of  metal 
attached-they  still   by  that  communication 
between  them  have  this  power  transferred  from 
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one  to  another).    Now,  if  instead  of  only  using 
one  vessel,  as   I   have   shewn   there,  I  take 
another,  and  another,  and   put   in   zinc  and 
platinum,  zinc  and  platinum,  zinc  and  platinum, 
and  connect  the  platinum  of  one  vessel  with  the 
zinc  of  another,  the  platinum  of  this  vessel  with 
the  zinc  of  that,  and  so  on,  we  should  only  be 
using  a  series  of  these  vessels  instead  of  one. 
This  we  have  done  in  that  arrangement  which 
you  see  behind  me.    I  am  using  what  we  call  a 
Grove's  voltaic  battery,  in  which  one  metal  is 
zinc,  and  the  other  platinum,  and  I  have  as 
many  as  forty  pairs  of  these  plates  all  exercising 
their  force  at  once  in  sending  the  whole  amount 
of  chemical  power  there  evolved  through  these 
wires  under  the  floor,  and  up  to  these  two  rods 
coming  through  the  table.     We  need  do  no 
more  than  just  bring  these  two  ends  in  contact, 
when  the  spark  shews  us  what  power  is  present ; 
and  what  a  strange  thing  it  is  to  see  that  this 
force  is  brought  away  from  the  battery  behind 
me,  and  carried  along  through  these  wires.  I 
have  here   an   apparatus  (fig.   46)  which  Sir 
Humphry  Davy  constructed  many  years  ago,  in 
order  to  see  whether  this  power  from  the  voltaic 
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batteiy  caused  bodies  to  attract  each  otlier  in 
tJie  same  manner  as  the  ordinary  electricity  did. 
He  made  it  in  order  to  experiment  with  his 
large  voltaic  batteiy,  which  was  the  most  power- 
ful then  in  existence.  You  see  there  are  in  this 
glass  jar  two  leaves  of  gold,  which  I  can  cause 
to  move  to  and  fro  by  this  rack-work.    I  will 


Fig.  46. 


Fig.  47. 


connect  each  of  these  gold  leaves  with  separate 
ends  of  this  battery;  and,  if  I  have  a  sufficient 
number  of  plates  in  the  battery,  I  shall  be  able 
to  shew  you  that  there  will  be  some  attraction 
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between  those  leaves,  even  before  they  come  in 
contact.    If  I  bring  them  sufficiently  near  when 
they  are  in  communication  with  the  ends  of  the 
battery,  they  will  be  drawn  gently  together ;  and 
you  will  know  when  this  takes  place,  because 
the  power  will  cause  the  gold  leaves  to  burn 
away,  which  they  could  only  do  when  they 
touched  each  other.    Now,  I  am  going  to  cause 
these  two  leaves  of  gold  to  approach  gradually, 
and  I  have  no  doubt  that  some  of  you  will  see 
that  they  approach  before  they  burn;  and  those 
who  are  too  far  off  to  see  them  approach  will 
see   by  their  burning  that   they  have  come 
together.    Now  they  are  attracting  each  other, 
long  before  the  connection  is  complete;  and 
there  they  go!  burnt  up  in  that  brilliant  flash- 
so  strong  is  the  force.    You  thus  see,  from  the 
attractive  force  at  the  two  ends  of  this  battery, 
that  these  are  really  and  truly  electrical  pheno- 
mena. 

Now,  let  us  consider  what  is  this  spark.  I 
take  these  two  ends  and  bring  them  together, 
and  there  I  get  this  glorious  spark,  like  the 
sunlight  in  the  heavens  above  us.  What  is 
this.?     It  is  the  same  thing  which  you  saw 
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when  I  discharged  the  large  electrical  machine, 
when  you  saw  one  single  bright  flash ;  it  is 
the  same  thing,  only  continued,  because  here  we 
have  a  more  effective  arrangement.  Instead 
of  having  a  machine  which  we  are  obliged  to 
turn  for  a  long  time  together,  we  have  here  a 
chemical  power  which  sends  forth  the  spark ; 
and  it  is  wonderful  and  beautiful  to  see  how 
this  spark  is  carried  about  through  these  wires. 
I  want  you  to  perceive,  if  possible,  that  this 
very  spark  and  the  heat  it  produces  (for  there 
is  heat)  is   neither  more  nor  less   than  the 
chemical   force   of  the  zinc  —  its  very  force 
carried  along  wires  and  conveyed,  to  this  place. 
I  am  about  to  take  a  portion  of  the  zinc  and 
burn  it  in  oxygen  gas,  for  the  sake  of  shewino- 
you  the  kind  of  light  produced  by  the  actua'l 
combustion  in  oxygen  gas  of  some  of  this 
metal.    [A  tassel  of  zinc-foil  was  ignited  at  a 
spint-lamp,  and  introduced  into  a  jar  of  oxygen, 
when  it  burnt  with  a  brilliant  light.]  That 
shews  you  what  the  affinity  is  when  we  come 
to  consider  it  in  its  energy  and  power.  And 
the  zmc  is  being  burned  in  the  batteiy  behind 
me  at  a  much  more  rapid  rate  than  you  see  in 
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that  jar,  because  the  zinc  is  there  dissolving 
and  burning,  and  produces  here  this  great 
electric  light.  That  veiy  same  power,  which  in 
that  jar  you  saw  evolved  from  the  actual  com- 
bustion of  the  zinc  in  oxygen,  is  carried  along 
these  wires  and  made  evident  here ;  and  you 
may,  if  you  please,  consider  that  the  zinc  is 
burning  in  those  cells,  and  that  this  is  the  light 
of  that  burning  [bringing  the  two  poles  in  con- 
tact, and  shewing  the  electric  light]  ;  and  we 
might  so  arrange  our  apparatus  as  to  shew  that 
the  amounts  of  power  evolved  in  either  case 
are  identical.  Having  thus  obtained  power 
over  the  chemical  force,  how  wonderfully  we 
are  able  to  convey  it  from  place  to  place ! 
When  we  use  gunpowder  for  explosive  purposes, 
we  can  send  into  the  mind  chemical  affinity  by 
means  of  this  electricity ;  not  having  provided 
fire  beforehand,  we  can  send  it  in  at  the 
moment  we  require  it.  Now,  here  (fig.  47)  is 
a  vessel  containing  two  charcoal  points,  and  I 
bring  it  forward  as  an  illustration  of  the  won- 
derful power  of  conveying  this  force  from  place 
to  place.  I  have  merely  to  connect  these  by 
means  of  wires  to  the  opposite  ends  of  the 
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battery,  and  bring  the  points  in  contact.  See 
what  an  exhibition   of  force  we  have !  We 
have  exhausted  the  air  so  that  the  charcoal 
cannot  burn;  and,  therefore,  the  Hght  you  see  is 
really  the  burning  of  the  zinc  in  the  cells  behind 
me— there  is  no  disappearance  of  the  carbon, 
although  we  have  that  glorious  electric  light; 
and  the  moment  I  cut  off  the  connection,  it 
stops.    Here  is  a  better  instance  to  enable  some 
of  you  to  see  the  certainty  with  which  we  can 
convey  this  force,  where,  under  ordinary  cir- 
cumstances, chemical  affinity  would  not  act. 
We  may  absolutely  take  these  two  charcoal 
poles  down  under  water,  and  get  our  electric 
light  there;— there  they  are  in  the  water,  and 
you  observe,  when  I  bring  them  into  connection, 
we  have  the  same  light  as  we  had  in  that  glass 
vessel. 

Now,  besides  this  production  of  light,  we 
have  all  the  other  effects  and  powers  of  burn- 
ing zinc.  I  have  a  few  wires  here  which  are 
not  combustible,  and  I  am  going  to  take  one 
of  them,  a  small  platinum  wire,  and  suspend 
It  between  these  two  rods,  which  are  connected 
with  the  battery;  and,  when  contact  is  made 
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at  the  battery,  see  what  heat  we  get  (fig.  48). 
Is  not  that  beautiful  ? — it  is  a  complete  bridge 
of  power.    There  is  metallic  connection  all  the 


Fis.  48. 


way  round  in  this  arrangement ;  and  where  I 
have  inserted  the  platinum,  which  offers  some 
resistance  to  the  passage  of  the  force,  you  see 
what  an  amount  of  heat  is  evolved, — this  is 
the  heat  which  the  zinc  would  give  if  burnt 
in  oxygen ;  but  as  it  is  being  burnt  in  the 
voltaic  battery,  it  is  giving  it  out  at  this  spot. 
I  will  now  shorten  this  wire  for  the  sake  of 
shewing  you,  that  the  shorter  the  obstructing 
wire  is,  the  more  and  more  intense  is  the 
heat,  until  at  last  our  platinum  is  fused  and 
falls  down,  breaking  off  the  circuit. 

Here  is  another  instance.     I  will  take  a 
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piece  of  the  metal  silver,  and  place  it  on  char- 
coal, connected  with  one  end  of  the  battery, 
and  lower  the  other  charcoal  pole  on  to  it. 
See  how  brilliantly  it  burns  (fig.  49).    Here  is 
a  piece  of  iron  on  the  charcoal  —  see  what  a 
combustion  is  going  oil ;  and  we  might  go  on 
m  this  way,  burning   almost   everything  we 
place  between  the  poles.    Now,  I  want  to  shew 
you  that  this  power  is  still  chemical  affinity— 
that  if  we  call  the  power  which  is  evolved  at 
this  point  heat,  or  electricity,  or  any  other  name 
referring  to  its  source,  or  the  way  in  which  it 
travels,  we  still  shall  find  it  to  be  chemical 
action.     Here  is  a  coloured  liquid  which  can 


Fig.  4c^. 

shew  by  its  change  of  colour  the  effects  of 
chemical  action.  I  will  pour  part  of  it  into 
this  glass,  and  you  will  find  that  these  wires 
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have  a  very  strong  action.  I  am  not  going  to 
shew  you  any  effects  of  combustion  or  heat ; 
but  I  will  take  these  two  platinum  plates,  and 
fasten  one  to  the  one  pole,  and  the  other  to 
the  other  end,  and  place  them  in  this  solution, 
and  in  a  very  short  time  you  will  see  the 
blue  colour  Avill  be  entirely  destroyed.  See,  it 
is  colourless  now ! — I  have  merely  brought  the 
end  of  the  wires  into  the  solution  of  indigo, 
and  the  power  of  electricity  has  come  through 
these  wires,  and  made  itself  evident  by  its 
chemical  action.  There  is  also  another  curious 
thing  to  be  noticed,  now  we  are  dealing  with 
the  chemistiy  of  electricity,  which  is,  that  the 
chemical  power  which  destroys  the  colour  is 
only  due  to  the  action  on  one  side.  I  will 
pour  some  more  of  this  sulpho-indigotic  acid  ('3) 
into  a  flat  dish,  and  will  then  make  a  porous 
dyke  of  sand,  separating  the  two  portions  of 
fluid  into  two  parts  (fig.  50) ;  and  now  we 
shall  be  able  to  see  whether  there  is  any  dif- 
ference in  the  two  ends  of  the  batteiy,  and 
which  it  is  that  possesses  this  peculiar  action. 
You  see  it  is  the  one  on  my  right  hand  which 
has  the  power  of  destroying  the  blue — for  the 
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portion  on  that  side  is  thoroughly  bleached — • 
while  nothing  has  ajsparently  occurred  on  the 
other  side.  I  say  apparently,  for  you  must  not 
imagine  that,  because  you  cannot  perceive  any 
action,  none  has  taken  place. 

Here  we  have  another  instance  of  chemical 
action.    I  take  these  platinum  plates  again,  and 


Fig-  so- 

immerse  them  in  this  solution  of  copper,  from 
which  we  formerly  precipitated  some  of  the 
metal,  when  the  platinum  and  zinc  were  both 
put  in  it  together.  You  see  that  these  two 
platinum  plates  have  no  chemical  action  of 
any  kind— they  might  remain  in  the  solution 
as  long  as  I  liked,  without  having  any  power 
of  themselves  to  reduce  the  copper  ; — but  the 
moment  I  bring  the  two  poles  of  the  battery 
in  contact  with  them,  the  chemical  action, 
which  is  there  transformed  into  electricity  and 
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carried  along  the  wires,  again  becomes  chemi- 
cal action  at  the  two  platinum  poles ;  and 
now  we  shall  have  the  power  appearing  on 
the  left  -  hand  side,  and  throwing  down  the 
copper  in  the  metallic  State  on  the  platinum 
plate ;  and  in  this  way  I  might  give  you 
many  instances  of  the  extraordinary  way  in 
which  this  chemical  action,  or  electricity,  may 
be  carried  about.  That  strange  nugget  of  gold, 
of  which  there  is  a  model  in  the  other  room — 
and  which  has  an  interest  of  its  own  in  the 
natural  history  of  gold,  and  which  came  from 
Ballarat,  and  was  worth  £Z,ooo,  or  ^9,000, 
when  it  was  melted  down  last  November — ^^vas 
brought  together  in  the  bowels  of  the  earth, 
perhaps  ages  and  ages  ago,  by  some  such  power 
as  this.  And  there  is  also  another  beautiful 
result  dependent  upon  chemical  affinity  in 
that  fine  lead-tree  the  lead  growing  and 
growing  by  virtue  of  this  power.  The  lead 
and  the  zinc  are  combined  together  in  a  little 
voltaic  arrangement)  in  a  manner  far  more 
important  than  the  powerful  one  you  see  here; 
because,  in  nature,  these  minute  actions  are 
going  on  for  ever,  and  are  of  great  and  won- 
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derful  importance  in  the  preciiDitation  of  metals 
and  formation  of  mineral  veins,  and  so  forth. 
These  actions  are  not  for  a  limited  time,  like 
my  batteiy  here,  but  they  act  for  ever  in 
small  degrees,  accumulating  more  and  more  of 
the  results. 

I  have  here  given  you  all  the  illustrations 
that  time  Avill  permit  me  to  shew  you  of 
chemical  affinity  producing  electricity,  and  elec- 
tricity again  becoming  chemical  affinity.  Let 
that  suffice  for  the  present,  and  let  us  now  go  a 
little  deeper  into  the  subject  of  this  chemical 
force,  or  this  electricity— which  shall  I  name 
first — the  one  producing  the  other  in  a  variety 
of  ways.?  These  forces  are  also  wonderful  in 
their  power  of  producing  another  of  the  forces 
we  have  been  considering,  namely,  that  of  mag- 
netism; and  you  know  that  it  is  only  of  late 
years,  and  long  since  I  was  born,  that  the  dis- 
covery of  the  relations  of  these  two  forces  of 
electricity  and  chemical  affinity  to  produce 
magnetism  have  become  known.  Philosophers 
had  been  suspecting  this  affinity  for  a  long 
time,  and  had  long  had  great  hopes  of  success ; 
for  in  the  pursuit  of  science  we  first  start  with 
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hopes  and  expectations.  These  we  reahse  and 
establish,  never  again  to  be  lost,  and  upon 
them  we  found  new  expectations  of  further 
discoveries,  and  so  go  on  pursuing,  realising, 
establishing,  and  founding  new  hopes  again  and 
again. 

Now,  observe  this:  here  is  a  piece  of  wire 
which  I  am  about  to  make  into  a  bridge  of 
force — that  is  to  say,  a  communicator  between 
the  two  ends  of  the  battery.    It  is  copper  wire 


Fig-  51- 


only,  and  is  therefore  not  magnetic  of  itself.  We 
will  examine  this  wire  with  our  magnetic  needle 
(fig.  51);  and  though  connected  with  one  ex- 
treme end  of  the  battery,  you  see  that,  before 
the  circuit  is  completed,  it  has  no  power  over 
the  magnet.  But  observe  it  when  I  make  con- 
tact; watch  the  needle — see  how  it  is  swung 
round,  and  notice  how  indifferent  it  becomes 
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if  I  break  contact  again;  so  you  see  we  have 
this  wire  evidently  affecting  the  magnetic  needle 
under  these  circumstances.  Let  me  shew  you 
that  a  little  more  strongly.  I  have  here  a 
quantity  of  wire,  which  has  been  wound  into  a 
spiral ;  and  this  will  affect  the  magnetic  needle 
in  a  very  curious  manner,  because,  owing  to  its 
shape,  it  will  act  very  like  a  real  magnet.  The 
copper  spiral  has  no  power  over  that  magnetic 
needle  at  present;  but  if  I  cause  the  electric 
current  to  circulate  through  it,  by  bringing  the 
two  ends  of  the  battery  in  contact  with  the  ends 
of  the  wire  which  forms  the  spiral,  what  will 
happen  >.  Why,  one  end  of  the  needle  is  most 
powerfully  drawn  to  it;  and  if  I  take  the  other 
end  of  the  needle,  it  is  repelled:  so  you  see  I 
have  produced  exactly  the  same  phenomena 
as  I  had  with  the  bar  magnet,— one  end  attract- 
ing, and  the  other  repelling.  Is  not  this,  then 
curious,  to  see  that  we  can  construct  a  magnet 
of  copper .?  Furthermore,  if  I  take  an  iron  bar, 
and  put  it  inside  the  coil,  so  long  as  there  is 
no  electric  current  circulating  round,  it  has  no 
attraction,— as  you  will  observe  if  I  bring  a  little 
iron  filings  or  nails  near  the  iron.    But  now  if 
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I  make  contact  with  the  battery,  they  are  at- 
tracted at  once.  It  becomes  at  once  a  powerful 
magnet — so  much  so,  that  I  should  not  wonder 
if  these  magnetic  needles  on  different  parts  of 
the  table  pointed  to  it,  And  I  will  shew  you 
by  another  experiment  what  an  attraction  it  has. 
This  piece  and  that  piece  of  iron,  and  many 
other  pieces,  are  now  strongly  attracted  (fig.  52); 


Fig.  52. 


but  as  soon  as  I  break  contact,  the  power  is  all 
gone,  and  they  fall.  What,  then,  can  be  a  better 
or  a  stronger  proof  than  this  of  the  relation  of 
the  powers  of  magnetism  and  electricity Again, 
here  is  a  little  piece  of  iron  which  is  not  yet 
magnetised.  It  will  not  at  present  take  up 
any  one  of  these  nails;  but  I  will  take  a  piece 
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of  wire  and  coil  it  round  the  iron  (the  wire  being 
covered  with  cotton  in  eveiy  part,  it  docs  not 
touch  the  iron),  so  that  the  current  must  go 
round  in  this  spiral  coil.  I  ain,  in  fact,  pre- 
paring an  clcctro-Diagiict  (we  are  obliged  to  use 
such  terms  to  express  our  meaning,  because  it 
is  a  magnet  made  by  electricity — because  we 
produce  by  the  force  of  electricity  a  magnet  of 
far  greater  power  than  a  permanent  steel  one). 
It  is  now  completed,  and  I  will  repeat  the 
experiment  which  you  saw  the  other  day,  of 
building  up  a  bridge  of  iron  nails.  The  contact 
is  now  made,  and  the  current  is  going  through; 
it  is  now  a  powerful  magnet.  Here  are  the  iron 
nails  which  we  had  the  other  day;  and  now  I 
have  brought  this  magnet  near  them,  they  are 
clinging  so  hard  that  I  can  scarcely  move  them 
with  my  hand  (fig.  53).  But  when  the  contact 
is  broken,  see  how  they  fall.  What  can  shew 
}-ou  better  than  such  an  experiment  as  this  the 
magnetic  attraction  with  which  we  have  en- 
dowed these  portions  of  iron  >.  Here,  again,  is  a 
fine  illustration  of  this  strong  power  of  magnetism. 
It  is  a  magnet  of  the  same  sort  as  the  one  you 
have  just  seen.    I  am  about  to  make  the  current 

M 
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of  electricity  pass  through  the  wires  which  are 
round  this  iron  for  the  purpose  of  shewing  you 
what  powerful  effects  we  get.    Here  are  the 
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Fig.  S3- 

poles  of  the  m:ignet;  and  let  us  place  on  one 
of  them  this  long  bar  of  iron.    You  see,  as  soon 
as  contact  is  made,  how  it  rises  in  position 
(fig.  54);  and  if  I  take  such  a  piece  as  this 
cyhnder,  and  place  it  on,  woe  be  to  me  if  I  get 
my  finger  between :  I  can  roll  it  over,  but  if  I 
try  to  pull  it  off,  I  might  lift  up  the  Avhole 
magnet;  but  I  have  no  power  to  overcome  the 
magnetic  power  which  is  here  evident.    I  might 
give  you  an  infinity  of  illustrations  of  this  high 
magnetic  power.    There  is  that  long  bar  of  iron 
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held  out;  and  I  have  no  doubt  that,  if  I  were  to 
examine  the  other  end,  I  should  find  that  it  was 
a  magnet.  See  what  power  it  must  have  to 
support  not  only  these  nails,  but  all  those 
lumps  of  iron  hanging  on  to  the  end.  What, 


Fig  54- 

then,  can  surpass  these  evidences  of  the  change 
of  chemical  force  into  electricity,  and  electricity 
into  magnetism }  I  might  shew  you  many 
other  experiments  whereby  I  could  obtain 
electricity  and  chemical  action,  heat  and  light 
from  a  magnet;  but  what  more  need  I  shew 
you  to  prove  the  universal  correlation  of  the 
physical  forces  of  matter,  and  their  mutual  con- 
version one  into  another 

And  now,  let  us  give  place,  as  juveniles,  to 
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the  respect  we  owe  to  our  elders;  and  for  a 
time  let  me  address  myself  to  those  of  our 
seniors  who  have  honoured  me  with  their  pre- 
sence during  these  lectures.    I  wish  to  claim 
this  moment  for  the  purpose  of  tendering  our 
thanks  to  them,  and  my  thanks  to  you  all, 
for  the  way  in  which  you  have  borne  the  incon- 
venience that  I  at  first  subjected  you  to.  I 
hope  that  the   insight  which  you  have  here 
gained  into  some  of  the  laws  by  which  tho 
universe  is  governed,  may  be  the  occasion  of 
some  amongst  you  turning  your  attention  to  these 
subjets;  for  what  study  is  there  more  fitted 
to  the  mind  of  man  than  that  of  the  physical 
sciences }    And  what  is  there  more  capable  of 
!  giving  him  an  insight  into  the  actions  of  those 
laws,  a  knowledge  of  which  gives  interest  to  the 
most  trifling  phenomenon  of  nature,  and  makes 
the  observing  student  find — 

"  tongues  in  trees,  bool;s  in  the  running  brooks, 

Sermons  in  stones,  and  good  in  everything  ?  " 

■1 


LECTURE 

ON 


LIGHTHOUSE  ILLUMINATION — THE  ELECTRIC 
LIGHT. 

\Delivered  before  the  Royal  Institution  on  Friday, 
gth  March,  i860.] 

'  I  ^HERE  is  no  part  of  my  life  which  gives 
me  more  delight  than  my  connection 
with  the  Trinity  House.  The  occupation  of 
nations  joined  together  to  guide  the  mariner 
over  the  sea,  to  all  a  point  of  great  interest, 
is  infinitely  more  so  to  those  who  are  con- 
cerned in  the  operations  which  they  cany  into 
effect;  and  it  certainly  has  astonished  me,  since 
I  have  been  connected  with  the  Trinity  House, 
to  see  how  beautifully  and  how  wonderfully 
shines  forth  amongst  nations  at  large  the  desire 
to  do  good;  and  you  will  not  regret  having 
come  here  to-night,  if  you  follow  me  in  the 
various   attempts  which  have  been  made  to 
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cany  out  the  great  object  of  guiding  in  safety 
all  people  across  the  dark  and  dreary  waste  of 
waters.    It  is  wonderful  to  think  how  eagerly 
efforts  at  improvement  are  made  by  the  various 
public  bodies — the  Trinity  House  in  this  country, 
and  Commissions  in  France  and  other  nations; 
and  whilst  the  improvements  progress,  we  come 
to  the  knowledge  of  such  curious  difficulties,  and 
such  odd  modes  of  getting  over  those  difficulties, 
as  are  not  easy  to  be  conceived.    I  must  ask 
you  this  evening  to  follow  me  from  the  simplest 
possible  method  of  giving  a  sign  by  means  of  a 
light  to  persons  at  a  distance,  to  the  modes  at 
which  we  have  arrived  in  the  present  day;  and 
to  consider  the  difficulties  which  arise  Avhen 
carrying  out  these  improvements  to  a  practical 
result,  and  the  extraordinary  care  which  those 
who  have  to  judge  on  these  points  must  take 
in  order  to  guard  against  the  too  hasty  adop- 
tion of  some  fancied  improvement,  thus,  as  has 
happened  in  some  few  cases,  doing  harm  instead 
of  good. 

If  I  tiy  to  make  you  understand  these 
things  partly  by  old  models,  and  partly  by 
those  which  we  have  here,  it  is  only  that  I  may 
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the  better  be  enabled  to  illustrate  that  which 
I  look  forward  to  as  the  higher  mode  of 
lighting,  by  means  of  the  electric  lamp  and 
the  lime  light. 

There  is  nothing  more  simple  than  a  candle 
being  set  down  in  a  cottage  window  to  guide 
a  husband  to  his  home;  but  when  we  want 
to  make  a  similar  guide  on  a  large  scale, 
not  merely  over  a  river  or  over  a  moor,  but 
over  large  expanses  of  sea,  how  can  we  then 
make  the  signal,  using  only  a  candle?  I 
have  shewn  in  this  diagram  (fig.  55)  what  we 


Fig.  55- 


may  imagine  to  be  the  rays  of  a  candle  or 
any  other  source  of  light  emanating  from  the 
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centre  of  a  sphere  in  all  directions  round  to 
infinite  distances.  After  this  simple  kind  of 
light  had  been  used  for  some  time — it  being 
found  to  be  liable  to  be  obscured  by  fogs,  or 
distance,  or  other  circumstance — there  arose  the 
attempt  to  make  larger  lights  by  means  of 
fires ;  and  after  that  there  was  introduced  a 
very  important  refinement  in  the  mode  of  deal- 
ing with  the  light,  namely,  the  principle  of 
reflection, — for,  understand  this  (which  is  not 
known  by  all,  and  not  known  by  many  who 
should  know  it)^  that  when  we  take  a  source 
of  light — a  single  candle,  for  instance,  giving  off 
any  quantity  of  light — we  can  by  no  means 
increase  that  light:  we  can  make  arrangements 
around  and  about  the  light,  as  you  see  here, 
but  we  can  by  no  means  increase  the  (quantity 
of  light.  The  utmost  I  can  do  is  to  direct 
the  light  which  the  lamp  gives  me  by  taking 
a  certain  portion  of  the  rays  going  off  on  one 
side  and  reflecting  them  on  to  the  course  of 
the  rays  which  issue  in  the  opposite  direction. 
First  of  all,  let  us  consider  how  we  may  gather 
in  the  rays  of  light  which  pass  off"  from  this 
candle.     You  will  easily  see  that  if  I  could 
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take  the  half-rays  on  the  one  side,  and  could 
send  them  by  any  contrivance  over  to  the  other 
side,  I  should  gain  an  advantage  in  light  on  the 
side  to  which  I  directed  them.    This  is  effected 
in  a  beautiful  manner  by  the  parabolic  mirror, 
by  means  of  which  I  gather  all  that  portion  of 
the  rays  which  are  included  in  it— upwards, 
downwards,  sideways,  anywhere  within  its  sphere 
of  action:  they  are  all  picked   up  and  sent 
forward.    You  thus  see  what  a  beautiful  and 
important  invention  is  that  of  the  parabolic 
reflector   for   throwing   fomard    the    rays  of 
light. 

Before  I  go  further  into  the  subject  of 
reflection,  let  me  point  out  a  further  mode 
of  dealing  with  the  direction  of  the  light. 
For  instance,  here  is  a  candle,  and  I  can  employ 
the  principle  of  refraction  to  bend  and  direct 


Fig-  56. 


the  rays  of  light;  and  if  I  want  to  increase  the 
light  in  any  one  direction,  I  must  either  take 
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a  reflector  or  use  the  principle  of  refraction.  I 
will  place  this  lens  (fig.  56)  in  front  of  the 
candle,  and  you  will  easily  see  that  by  its  means 
I  can  throw  on  to  that  sheet  of  paper  a  great 
light;  that  is  to  say,  that  instead  of  the  light 
being  thrown  all  about,  it  is  refracted  and  con- 
centrated on  to  that  paper.  So  here  I  have 
another  means  of  bending  the  light  and  sending 
it  in  one  direction;  and  you  see  above  a  still 
better  arrangement  for  the  same  purpose, — one 
which  comes  up  to  the  maximum,  I  may  say, 
of  the  ability  of  directing  light  by  this  means. 
You  are  aware  that  without  that  arrangement 
of  glass  the  light  would  be  dispersed  in  all 
directions ;  but  the  lens  being  there,  all  the 
light  which  passes  through  it  is  thrown  into 
parallel  beams  and  cast  horizontally  along. 
There  is  consequently  no  loss  of  light — the 
beam  goes  forward  of  the  same  dimensions,  and 
will  consequently  continue  to  go  forward  for 
five  or  ten  miles,  or  so  long  as  the  imperfection 
of  the  atmosphere  does  not  absorb  it:  and  see, 
what  a  glorious  power  that  is,  to  be  able  to 
convert  what  was  just  now  darkness  on  that 
paper  into  brilliant  light! 
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Whenever  we  have  refraction  of  this  sort,  we 
are  liable  to  an   evil   consequent    upon  the 
necessary  imperfections  in  the  form  of  the  lens ; 
and  Dr.  Tyndall  will  take  this  lens,  and  will 
shew   you   even   in   this    small    and  perfect 
apparatus  what  is  the  evil  of  spherical  aberra- 
tion with  which  we  have  to  fight.    This  can 
be  illustrated  by  means  of  the  electric  lamp :  if 
you  look  at  the  screen,  you  will  see  produced, 
by  means  of  this  lens,  a  figure  of  the  coal  points. 
This  image  is  produced  by  the  rays  which  pass 
through  the  middle  of  the  lens,  a  piece  of  card 
with  a  hole  in  the  centre  being  placed  in  front  ; 
but  if,  keeping  the  rest  of  the  apparatus  in 
the  same   position,   I   change   this   card  for 
another  piece  which  will  only  allow  the  rays 
to  pass  through  the  edge  of  the  lens,  you 
observe  how  inferior  the  image  will  be.  In 
order  to  get  it  distinct,  I  have  to  bring  the 
screen  much  nearer  the  lamp;  and  so,  if  I  take 
the  card  away  altogether,  and  allow  the  light 
to  pass  through  all  parts  of  the  lens,  we  cannot 
get  a  perfect  image,  because  the  different  parts 
of  the  lens  are  not  able  to  act  together.  This 
spherical  aberration  is,  therefore,  what  we  try 
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to  avoid  by  building  up  compound  lenses  in 
the  manner  here  shewn  (fig.  58).  Look  at  this 
beautiful  apparatus — is  it  not  a  most  charming 
piece  of  workmanship  ?  Buffon  first,  and  Fresnel 
afterwards,  built  up  these  kind  of  lenses,  ring 
withui  ring,  each  at  its  proper  adjustment,  to 
compensate  for  the  effects  of  spherical  aberra- 
tion. The  ring  round  that  centre  lens  is  ground 
so  as  to  obviate  what  would  otherwise  give  rise 
to  spherical  aberration ;  and  the  next  ring  being 
corrected  in  the  same  manner,  you  will  perceive, 
if  you  look  at  the  disc  of  light  thrown  by  the 
apparatus  upstairs,  that  there  is  nothing  like  the 
amount  of  aberration  that  there  would  have 
been  if  it  had  been  one  great  bull's-eye.  Here 
is  one  of  Fresnel's  lamps  of  the  fourth  order 
so  constructed  (fig.  57):  observe  the  fine  effect 
obtained  by  these  different  lenses,  as  you  see 
them  revolve  before  you,  and  understand  that 
all  this  upper  part  is  made  to  form  part  of 
the  lens,  each  prism  throwing  its  rays  to  increase 
the  effect;  and  although  you  may  think  it  is 
imperfect,  because,  if  you  happen  to  sit  below  or 
above  the  horizontal  line,  you  perceive  but  little 
if  any  of  the  light,  yet  you  must  bear  in  mind 
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that  we  want  the  rays  to  go  in  a  straight  line  to 
the  horizon.  So  that  all  that  building  up  of 
rings  of  glass  is  for  the  purpose  of  producing  one 
fine  and  glorious  lens  of  a  large  size,  to  send 
the  raj^s  all  in  one  direction.  Here  is  another 
apparatus  used  to  pull  the  rays  down  to  a 


horizontal  sheet  of  light,  so  that  the  mariner 
may  see  it  as  a  constant  and  uniform  fixed 
light.  The  former  lamp  is  a  revolving  one, 
and  the  light  is  seen  only  at  certain  times] 
as  the  lenses  move  round,  and  these  are  the 
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points  which    make   them  valuable   in  their 
application. 

There  are  various  orders  and  sizes  of  lights 
in  light-houses,  to  shine  for  twenty  or  thirty 
miles   over  the  sea,  and  to  give  indications 
according  to  the  purposes  for  which  they  are 
required ;  but  suppose  we  want  more  effect 
than  is   produced  by  these   means,  how  are 
we  to  get  more  light?    Here  comes  the  diffi- 
culty.   We  cannot  get  more  light,  because  we 
are  limited  by  the  condition  of  the  burner. 
In  any  of  these  cases,  if  the  spreading  of  the 
ray,  or  divergence,  as  it  is  called,  is  not  re- 
strained, it  soon  fails  from  weakness ;  and  if 
it  does  not  diverge  at  all,  it  makes  the  light 
so  small,  that  perhaps  only  one  in  a  hundred 
can  see  it  at  the   same  time.     The  South 
Foreland  light-house  is,  I  think,  300  or  400 
feet  above  the  level  of  the  sea ;  and  therefore 
it  is   necessary  to  have   a  certain  divergence 
of  the  beam  of  light,  in  order  that  it  may 
shine  along  the  sea  to  the  horizon.     I  have 
drawn  here  two  wedges — one  has  an  angle  of 
15°,  and  shews  you  the  manner  in  which  the 
light  opens  out  from  this  reflector,  seen  at  the 
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distance  of  half- a -mile  or  more;  the  other 
wedge  has  an  angle  of  6°,  which  is  the  beauti- 
ful angle  of  Fresnel.    When  the  angle  is  less 
than  6°,  the  mariner  is  not  quite  sure  that  he 
will  see  the  light  — he  may  be   beneath  or 
above  it;  and,  in  practice,  it  is  found  that 
we  cannot  have  a  larger  angle  than  15°,  or  a 
less  one  than  6°.     In  order,  therefore,  to  get 
more  light,  we  must  have  more  combustion, 
more  cotton,  more  oil ;  but  already  there  are 
m  that  lamp  four  wicks,  put  in  concentric 
rings,  one  ^vithin  the  other ;  and  we  cannot 
increase  them  much  more,  owing  to  the  diver- 
gence which  would  be  caused  by  an  increase  in 
the  size  of  the  light— the  more  the  divergence, 
the  more  the  light  is  diftused  and  lost.  We 
are  therefore  restrained,  by  the  condition  of 
the  light  and  the  apparatus,  to  a  certain  sized 
lamp.    At  Teignmouth,  some  of  the  revolving 
lights  have  ten  lamps  and  reflectors,  all  throw- 
ing their   light  forward  at   once.     But  even 
with  ten  lamps  and  reflectors,  we  do  not  get 
sufficient  light;   and   we   want,   therefore,'' a 
means  of  getting  a  light  more  intense  than  a 
candle  in  the  space  of  a  candle— not  merely 
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an  accumulation  of  candle  upon  candle,  but  a 
concentration,  into  the  space  of  a  candle,  of 
a  greater  amount  of  light  ;  and  it  is  here  that 
the  electric  light  comes  to  be  of  so  much 
value. 

Let  me  now  shew  you  what  are  the  pro- 
perties of  that  light  which  make  it  useful  for 
light-house  illumination,  and  which  has  been 
brought  to  a  practical  condition  by  the  energy 
and  constancy  of  Professor  Holmes.     I  will, 
first  of  all,  shew  you  the  image  of  the  char- 
coal points  on   the    screen,   and   draw  your 
attention  to  the  spot  where  the  light  is  pro- 
duced.   There  are  the  coal  points.    The  two 
carbons  are  brought  within  a  certain  distance; 
the  electricity  is  being  urged  across  by  the 
voltaic  battery,  and  the  coal  points  are  brought 
into  an  intense  state  of  ignition.     You  will 
observe  that  the  light  is  essentially  given  by 
the  carbons.    You  see  that  one  is  much  more 
luminous  than  the  other,  and  that  is  the  end 
vv^hich  principally  forms  the  spark.    The  other 
does  not  shine  so  much,  and  there  is  a  space 
between   the  two,   which,  although  not  very 
luminous,  is  most  'important  to  the  production 
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of  the  hght.     Dr.  Tyndall   will   help  me  in 
shewing  you  that  a  blast  of  wind  will  blow 
out  that  light— the  electric  light  can,  in  fact, 
be  blown  out  easier  than  a  candle.    We  have 
the   power   of  getting  our   light   where  we 
please.    If  I  cause  the  electricity  to  pass  be- 
tween carbon   and    mercury,  I   get    a  most 
intense  and  beautiful  light— most  of  it  being 
given   off  from   the   portion   of  the  mercury 
between  the  liquid  and  the  solid  pole.    I  can 
shew  you  that  the  light  is  sometimes  produced 
by  the  vapour  between  the  two  poles  better, 
if  I  take  silver,   than  when   I   use  mercury! 
Here  is  the  carbon  pole,  there  is  the  silver, 
and  there  is  the  beautiful  green  light,  which 
comes  from  the  intervening  portions.  Now, 
that  light  is  more  easily  blown  out  than  the 
common   lamp,   the    slightest   puff  of  wind 
being  sufficient  to  extinguish  it,  as  you  will 
see  if  Dr.  Tyndall  breathes  upon  it. 

You  see,  therefore,  how  we  are  able,  by  using 
this  electric  spark,  to  get,  first  of  all,  the  light 
into  a  very  small  space.  That  oil-lamp  has 
a  burner  3f  inches  in  diameter.  Compare  the 
size  of  the  flame  with  the  space  occupied  by 
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this  electric  light.  Next,  compare  the  inten- 
sity of  this  light  with  any  other.  If  I  take 
this  candle,  and  place  it  by  the  side,  I  actually 
seem  to  put  out  the  candle.  We  are  thus 
able  to  get  a  light  which,  while  it  surpasses 
all  others  in  brilliancy,  is  at  the  same  time 
not  too  large ;  for  I  might  put  this  light  into 
an  apparatus  not  larger  than  a  hat,  and  yet 
I  could  count  upon  the  rays  being  useful. 
Moreover,  when  such  large  burners  are  used  in 
a  lantern,  we  have  to  consider  whether  the 
bars  of  the  window  do  not  interfere  to  throw 
a  shadow  or  otherwise ;  but  with  this  light 
there  will  be  no  difficulty  of  that  sort,  as  a 
single  small  speculum,  no  larger  than  a  hat, 
will  send  it  in  any  direction  we  please ;  and 
it  is  wonderful  what  advantages,  by  reason  of 
its  small  bulk,  we  have  in  the  consideration 
of  the  different  kinds  of  apparatus  required, 
reflecting  or  refracting,  irrespective  of  other 
reasons  for  using  the  electric  light.  And  it  is 
these  kind  of  things  which  make  us  decide 
most  earnestly  and  carefully  in  favour  of  the 
electric  light. 

I  am  going  to  shew  you  the  effect  that  will 
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take  place  with  that  large  lens,  when  we  throw 
the  oil-lamp  out  of  action,  and  put  the  electric 
light  into  use.     It  is  astonishing  to  find  how 
little  the  eye  can  compare  the  relative  inten- 
sities of  two  lights.    Look  at  that  screen,  and 
try  to  recollect  the  amount  of  light  thrown 
upon  it  from   the  3|-inch   lamp   of  Fresnel ; 
and,  now,  when  we  shift  the  lens  sideways' 
look  at  the  glorious  light  arising  from  that 
small  carbon  point  (fig.  58)— see  how  beauti- 
fully it  shines  in  the  focus  of  that  lens,  and 


Fig.  58. 

throws  the  rays  forward.  At  present,  the 
electric  light  is  put  at  just  the  same  distance 
as  the  oil  light;  and  therefore,  being  in  the 
focus  of  the  lens,  we  have  parallel  rays  which 
are  thrown  forward  in  a  perfectly  straight  line 
-as  you  will  see  by  comparing  the  size  of 
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the  lens  with  that  of  the  light  thrown  on  the 
screen.  You  will  now  see  how  far .  we  can 
affect  this  beam  of  light  by  increasing  or 
diminishing  the  distance  of  the  lamp.  We 
are  able,  by  a  small  adjustment,  to  get  a 
beam  of  a  large  or  small  angle;  and  observe 
what  power  I  have  now  over  it, — for  if  I 
want  to  increase  the  degrees  of  divergence,  I 
am  limited  by  the  power  of  light,  in  the  case 
of  the  oil-lamp ;  but,  with  the  electric  Hght, 
I  can  make  it  spread  over  any  width  of  the 
horizon  by  this  simple  adjustment.  These, 
then,  are  some  of  the  reasons  which  make  it 
desirable  to  employ  the  electric  light. 

By  means  of  a  magnet,  and  of  motion,  we 
can  get  the  same  kind  of  electricity  as  I  have 
here  from  the  battery  ;  and,  under  the  authority 
of  the  Trinity  House,  Professor  Holmes  has 
been  occupied  in  introducing  the  magneto- 
electric  light  in  the  light-house  at  the  South 
Foreland ;  for  the  voltaic  battery  has  been 
tried  under  every  conceivable  circumstance,  and, 
I  take  the  liberty  of  saying,  it  has  hitherto 
proved  a  decided  failure.  Here,  however,  is 
an  instrument  wrought  only  by  mechanical 
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motion.  The  moment  we  give  motion  to  tliis 
soft  iron  in  front  of  tlie  magnet,  we  get  a 
spark.  It  is  true,  in  this  apparatus  it  is  veiy 
small,  but  it  is  sufficient  for  you  to  judge  of 
its  character.    It  is  the  magneto-electric  light; 


and  an  instrument  has  been  constructed  as 
there  shewn  (fig.  59),  ^hich  represents  a  number 
of  magnets  placed  radially  upon  a  wheel - 
three  wheels  of  magnets  and  two  sets  of 
helices.    When  the  machine,  which  is  worked 
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by  a  two-horse  power  engine,  is  properly  set 
in  motion,  and  the  different  currents  are  all 
brought  together,  and  thrown  by  Professor 
Holmes  .up  into  the  lantern,  we  have  a  light 
equal  to  the  one  we  have  been  using  this 
evening.  For  the  last  six  months  the  South 
Foreland  has  been  shining  by  means  of  this 
electric  light  —  beyond  all  comparison,  better 
than  its  former  light.  It  has  shone  into  France, 
and  has  been  seen  there  and  taken  notice  of  by 
the  authorities,  who  work  with  beautiful  accord 
with  us  in  all  these  matters.  Never  for  once 
during  six  months  has  it  failed  in  doing  its 
duty — never  once — more  than  was  expected  by 
the  inventor.  It  has  shone  forth  with  its 
own  peculiar  character,  and  this  even  with  the 
old  apparatus;  for,  as  yet,  no  attempt  has 
been  made  to  construct  special  reflectors  cr 
refractors  for  it,  because  it  is  not  yet  estab- 
lished. I  will  not  tell  you  that  the  problem 
of  employing  the  magneto-electric  spark  for 
light-house  illumination  is  quite  solved  yet, 
although  I  desire  it  should  be  established 
most  earnestly  (for  I  regard  this  magnetic 
.spark  as  one  of  my  own  offspring).    The  thing 
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is  not  yet  decidedly  accomplished,  and  what 
the  considerations  of  expense  and  other  mat- 
ters may  be,  I  cannot  tell.  I  am  only  here 
to  tell  you  as  a  philosopher,  how  far  the 
results  have  been  carried  ;  but  I  do  hope  that 
the  authorities  will  find  it  a  proper  thing  to 
cany  out  in  full.  If  it  cannot  be  introduced 
at  all  the  light-houses— if  it  can  only  be  used  at 
one— why,  really,  it  will  be  an  honour  to  the 
nation  which  can  originate  such  an  improve- 
ment as  this  — one  which  must  of  necessity 
be  followed  by  other  nations. 

You  may  ask,  what  is  the  use  of  this  bright 
light.?    It  would' not  be  useful  to  us,  were'' it 
not  for  the  constant  changes  which  are  taking 
place  in  the  atmosphere,  which  is  never  pure"! 
Even  when  we  can  see  the  stars  clearly  on  a 
bright  night,  it  is  not  a  pure  atmosphere.  The 
light  of  a  light-house,  more  than  any  other,  is 
hable  to  be  dimmed  by  vapours  and  fogs ;  and 
where  we  most  want  this  great  power,  is  not  in 
the   finest   condition   of  the  atmosphere,  but 
when  the  mariner  is  in  danger— when  the'sleet 
and  rain  are  falling,  and  the  fogs  arise,  and  the 
winds  are  blowing,  and  he  is  nearing  coasts 
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where  the  water  is  shallow,  and  abounds  with 
rocks, — then  is  his  time  of  danger,  when  he 
most  wants  this  light.  I  am  going  to  shew  you 
how,  by  means  of  a  little  steam,  I  can  com- 
pletely obscure  this  glorious  sun,  this  electric 
light  which  you  see.  The  cloud  now  obscuring 
the  light  on  the  screen  is  only  such  a  cloud 
as  you  see  when  sitting  in  a  train  on  a  fine 
summer's  day.  You  may  observe  that  the  vapour 
passing  out  of  the  funnel  casts  as  deep  a  shadow 
on  the  ground  as  the  black  funnel;  the  very 
sun  itself  is  extinguished  by  the  steam  from  the 
funnel,  so  that  it  cannot  give  any  light;  and 
the  sun  itself,  if  set  in  the  light-house  ,would  not 
be  able  to  penetrate  such  a  vapour. 

Now,  the  haze  of  this  cloud  of  steam  is  just 
what  we  have  to  overcome,  and  the  electric 
light  is  as  soon,  proportionally,  extinguished 
by  an  obstruction  of  this  kind  as  any  other 
light.  If  we  take  two  lights,  one  four  times  the 
intensity  of  the  other,  and  we  extinguish  half  of 
one  by  a  vapour,  we  extinguish  half  of  the 
other — and  that  is  a  fact  which  cannot  be  set 
aside  by  any  arrangement.  But,  then,  we  fall 
back   upon   the  amount  of  light  which  the 
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electric  spark  does  give  us  in  aid  of  tlie  power 
of  penetrating  the  fog;  for  the  light  of  the  elec- 
tric spark  shines  iso  far  at  times,  that  even 
before  it  has  arisen  above  the  horizon,  twenty- 
five  miles  off,  it  can  be  seen.  This  intense  lig-ht 
has,  therefore,  that  power  Which  we  cdh  takg 
advantage  of,— of  bearing  a  great  deal  of  ob^ 
struction,  before  it  is  entirely  obscured  by  fogs 
or  otherwise. 

Taking  care  that  we  do  hot  lead  oUr  autho- 
rities into  error  by  the  advice  given^  we  hope 
that  we  shall  soon  be  able  to  recommend  the 
Trinity  House,  from  what  has  passed,  to  estab- 
lish either  one  or  more  good  electric  lights  in 
this  countiy. 


NOTES. 


LECTURE  I. 

C)  Page  13.  The  opening  lecture  was  twice  postponed 
on  account  of  Dr.  Faraday's  illness. 

O  Page  22.  Platinum,  with  one  exception,  the  heaviest 
body  known,  is  2ii  times  heavier  than  water. 

(3)  Page  22.  Aluminium  is  2|  times  heavier  than 
water. 

C)  Pages  23  and  24.  Pozvsr  or  Property  in  Water— 
This  povver-the  heat  by  which  the  water  is  kept  in  a 
Jluid  state-is  said,  under  ordinaiy  circumstances,  to  be 
latent  or  insensible.  When,  however,  the  water  changes 
its  form,  and,  by  uniting  with  the  lime  or  sulphate  of 
copper,  becomes  solid,  the  heat  which  retained  it  in  a 
liquid  state  is  evolved. 

Page  23.  Anhydrous  Sulphate  of  Copper  :  sulphate 
of  copper  deprived  of  its  water  of  crystallisation.  To 
obtain  it,  the  blue  sulphate  is  calcined  in  an  earthen 
crucible. 
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(fe)  Page  29.  Add  a  little  liquid  to  the  marble,  and 
■decompose  /A— Marble  is  composed  of  carbonic  acid  and 
■lime,  and-,  in  chemical  language-,  is  called  carbonate  of 
lime.  When  sulphuric  acid  is  added  to  it,  the  carbonic 
acid  is  set  free,  and  the  sulphuric  acid  unites  with  the 
lime  to  form  sulphate  of  lime. 

Carbonic  acid,  under  ordinary  circumstances,  is  a 
colourless  invisible  gas,  about  half  as  heavy  again  as 
air.  Dr.  Faraday  first  shewed  that,  under  great  pres- 
sure, it  could  be  obtained  in  a  liquid  state.  Thilorier, 
a  French  chemist,  afterwards  found  that  it  could  be 
solidified-. 

LECTURE  II. 

(0  Page  55.  Crystallisatioti  of  Ahim. — The  solution 
must  be  saturated — that  is,  it  must  contain  as  much  alum 
as  can  possibly  be  dissolved.  In  making  the  solution,  it 
is  best  to  add  powdered  alum  to  hot  water  as  long  as  it 
dissolves ;  and  when  no  more  is  taken  up,  allow  the  solu- 
tion to  stand  a  few  minuteSj  and  then  pour  it  off  from  the 
dirt  and  undissolved  alum. 

(^)  Page  57.  Red  Precipitate  of  Biniodide  of  Mercury. — 
A  little  care  is  necessary  to  obtain  this  precipitate.  The 
solution  of  potassium  should  be  added  to  the  solution 
of  perchloride  of  mercury  (corrosive  sublimate)  very 
gradually.  The  red  precipitate  which  first  falls  is  re- 
dissolved  when  the  liquid  is  stirred :  when  a  little  more 
of  the  iodide  of  potassium  is  added,  a  pale,  red  pre- 
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cipitate  is  foiTned,  which,  on  the  further  addition  of  the 
iodide,  changes  into  the  brilhapt  scarlet  biniodide  of 
mercury.  If  too  much  iodide  of  potassium  is  added,  the 
scarlet  precipitate  disappears,  and  a  colourless  solution 
is  left. 

(9)  Page  57.  Paper  Coated  with  Scarlet  Biniodide  of 
Mercury. ~ln  order  to  fix  the  biniodide  on  paper,  it  must 
be  mixed  with  a  little  weak  gum  water,  and  then  spread 
over  the  paper,  which  must  be  dried  without  heat. 

Biniodide  oj  Mercury  is  said  to  be  dimorphous;  that  is, 
is  able  to  assume  two  different  forms. 

(")  Page  59.  ''Prince  Ruferfs  Props."— These  are 
made  by  pouring  drops  of  melted  green  glass  into  cold 
water.  They  were  not,  as  is  commonly  supposed,  in- 
vented by  Prince  Rupert,  but  were  first  brought  to  Eng- 
land by  him,  in  1660.  They  excited  a  great  deal  of 
curiosity,  and  were  considered  "a  kind  of  miracle  in 
nature." 

CO  Page  60.    Thick  Glass  Vessels.— They  are  called 
Proofs  or  Bologna  phials. 

(")  Page  61.  Mica.-^K  silicate  of  alumina  and  mag- 
nesia. It  has  a  bright  metallic  lustre-hence  its  name, 
from  niico,  to  shine. 

('3)  Page  62.  Common  salt,  or  chloride  of  sodium, 
crystallises  in  the  form  of  solid  cubes,  which,  aggregated 
together,  form  a  mass,  which  may  be  broken  up  into  the 
separate  cubes. 
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C")  Page  62.  Iceland  or  Calc  ^^ar.— Native  carbonate 
of  lime  in  its  primitive  crystalline  form. 

LECTURE  III. 

('5)  Page  79.  Solution  of  a  Salt. — Acetate  of  soda.  A 
solution  saturated,  or  nearly  so,  at  the  boiling  point,  is 
necessary,  and  it  must  be  allowed  to  cool,  and  remain  at 
rest  until  the  experiment  is  made. 

Page  86.  Cinoxide  of  Nitrogen  and  Hypo-nitrous 
Acid. — Binoxide  of  nitrogen  is  formed  when  nitric  acid 
and  a  little  water  are  added  to  some  copper  turnings. 
It  produces  deep  red  fumes  as  soon  as  it  comes  in  con- 
tact with  the  air,  by  combining  with  the  oxygen  of  the 
latter  to  form  hypo-nitrous  acid.  Binoxide  of  niti-ogen  is 
composed  of  two  parts  oxygen  and  one  part  of  nitrogen; 
hypo-nitrous  acid  is  composed  of  one  part  of  nitrogen  and 
three  parts  of  oxygen. 

LECTURE  IV. 

('0  Page  106.  Chlorate  of  Potash  and  Sulphuret  0/ 
Antimony. — Great  care  must  be  taken  in  mixing  these 
substances,  as  the  mixture  is  dangerously  explosive. 
They  must  be  powdered  separately,  and  mixed  together 
with  a  feather  on  a  sheet  of  paper,  or  by  passing  them 
several  times  through  a  small  sieve. 

('^)  Page  107.  The  mixture  of  chlorate  of  potash  and 
sugar  does  not  require  the  same  precautions.    They  may 
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be  rubbed  togetheHn  a  pestle  and  mortar  without  fear. 
One  part  of  chlorate  of  potash  and  three  parts  of  sugar 
will  answer.  The  mixture  need  only  be  touched  with  a 
glass  rod  dipped  in  oil  of  vitriol. 

(■')  Page  107.  Two  Sa//s  Dissolved  in  Water.— ?>n\- 
phate  of  soda  and  chloride  of  calcium.  The  solutions 
must  be  saturated  for  the  experiment  to  succeed  well. 

("°)  Page  III.  Lead  Pjrophoroiis.~Th\s  is  a  tartrate 
of  lead  which  has  been  heated  in  a  glass  tube  to  dull  red- 
ness as  long  as  vapours  are  emitted.  As  soon  as  they 
cease  to  be  evolved,  the  end  of  the  tube  is  sealed,  and  it 
is  allowed  to  cool. 

(=0  Page  115.  Gwi-Cotton  is  made  by  immersing 
cotton-wool  in  a  mixture  of  sulphuric  acid  and  the 
strongest  nitric  acid,  or  of  sulphuric  acid  and  nitrate  of 
potash. 

(-)  Page  115.  Paper  Prepared  like  Gim-Cotton.-lt 
should  be  bibulous  paper,  and  must  be  soaked  for  ten 
minutes  in  a  mixture  of  ten  parts  by  measure  of  oil  of 
vitriol  with  five  parts  of  strong  fuming  nitric  acid.  The 
paper  must  afterwards  be  thoroughly  washed  with  warm 
distilled  water,  and  then  carefully  dried  at  a  gentle  heat. 
The  paper  is  then  saturated  with  chlorate  of  strontia  or 
chlorate  of  baryta,  or  nitrate  of  copper,  by  immersion  in 
a  wai-m  solution  of  these  salts.  (See  Chemical  News, 
Vol,  I.,  page  36.) 
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LECTURE  VI. 


(23)  Page  162.  Siilpho-indigotic  Acid. — A  mixture  of 
one  part  of  indigo  and  fifteen  parts  of  concentrated  oil  of 
vitriol.  It  is  bleached  on  the  side  at  which  hydrogen 
gas  is  evolved,  in  consequence  of  the  hberated  hydrogen 
withdrawing  oxj^gen  from  the  indigo,  thereby  forming  a 
colourless  deoxidised  indigo.  In  making  the  experiment, 
only  enough  of  the  sulpho-indigotic  acid  must  be  added  to 
give  the  water  a  decided  blue  colour. 

(24)  Page  164.  Lead  Tree. — To  make  a  lead  tree,  pass 
a  bundle  of  brass  wires  through  the  cork  of  a  bottle,  and 
fasten  a  plate  of  zinc  round  them  just  as  they  issue  from 
the  cork,  so  that  the  zinc  may  be  in  contact  with  every 
one  of  the  wires.  Make  the  wires  to  diverge  so  as  to 
form  a  sort  of  cone,  and  having  filled  the  bottle  quite 
full  of  a  solution  of  sugar  of  lead,  insert  the  wires  and 
cork,  and  seal  it  down,  so  as  to  perfectly  exclude  the 
air.  In  a  short  time  the  metallic  lead  will  begin  to 
crystallise  around  the  divergent  wires,  and  form  a  beauti- 
ful object. 


THE  END. 
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Snnnn  v'  '"■^■°-J''Vch  he  asserts  he  has  Seen.  They  have  great  meri^  I  r^ust 
look  upon  him  as  one  of  the  most  extraordinary  persons  of  the  age.''-  Charles  Lamb. 

BLANCHARD'S  (Laman)  POEMS.   Now  first  Collected.  Edited, 

T^A^ztl^l  'he  Author(including  numerous  hitherto  unpublished  Letters  from 
Lord  Lytton,  Lamb,  Dickens,  Robert  Browning,  and  others),  by  Blanchard 
JERROLD.    Lrown  8vo,  with  a  Vignette  Portrait,  cloth  extra,  gs. 

as  po'Jil^nrSd  il  ^^l^fj^l^^::-'^^''''''^        genuine  esPrit,  and 

BOCCACCIO'S  DECAMERON;  or,  Ten  Days'  Entertainment. 
Translated  mto  English,  with  Introduction  by  Thomas  Wright,  Esq.,  M.A.. 
So'th^extrY,'Sltf°:i:Ti:         Stothakd's  beautiful  Copperplates.'   cl^n  8vo* 

BOUDOIR  BALLADS  :  Vers  de  Societe.    By  J.  Ashby-Sterrv. 

Crown  8vo,  cloth  extra,  gilt,  (,s.  ■'  •'  ^  >■ '^r.is.-x , 

OBSERVATIONS  ON  POPULAR  ANTIQUITIES 

chiefly  Ill"=.'^/'"ng  the  Origin  of  our  Vulgar  Customs,  CertnTonies^  and  Su°- 

stitions.    With  the  Additions  of  Sir  Henry  Ellis     A  Npw  PHifl'^^ 

ul^page  Illustrations.    Crown  8vo,  cloth  exL,  "^'l^;  ^A^^'^"  ^^^far^laS; 

wui,^\^;"hrK^^^^^^ 
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BOOKS  PUBLISHED  BY 


BRET  HARTE'S  CHOICE  WORKS  in  Prose  and  Poetry,  With 
Introductory  Essay  by  J.  M.  Bellhw,  Portrait  of  the  Author,  and  50  Illustra- 
tions.   Crown  8vo,  cloth  extra,  yj.  td. 
'  Not  many  months  before  my  friend's  death,  he  had  sent  me  two  sketches  by  a 
young  American  writer  (Bret  Harte),  far  away  in  California  ('  The  Outcast  of  Poker 
*  lat,  and  another),  in  which  he  had  found  such  subtle  strokes  of  character  as  he  had 
not  anywhere  else  in  late  years  discovered  ;  the  manner  resembling  himself,  but  the 
""^i   I.      -1 '°  ^  "^^Sree  that  had  surprised  him  :  the  painting  in  all  respects  masterly, 
and  the  wild  rude  thing  painted  a  quite  wonderful  reality.    I  have  rarely  known 
nim  more  honestly  moved." — Forster's  Life  of  Dickens. 

BREWSTER'S    (Sir  David)   MARTYRS  OF  SCIENCE.  A 

New  Edition,  in  small  crown  8vo,  cloth  extra,  gilt,  with  full-page  Portraits,4i.  6<f. 

BREWSTER'S  (Sir  David)  MORE  WORLDS  THAN  ONE, 

the  Creed  of  the  Philosopher  and  the  Hope  of  the  Christian.  A  New  Edition,  in 
small  crown  8vo,  cloth  extra,  gilt,  with  full-page  Astronomical  Plates,  4J.  (sd. 
There  does  certainly  exist  a  widespread  desire  to  know,  so  far  as  can  be  known 
the  extent  of  God's  living,  responsible  creation.  The  planet  which  we  inhabit  is  but 
one  vessel  in  the  midst  of  a  fleet  sailing  on  through  the  vast  ocean  of  space,  under 
convoy  of  the  sun.  Far  on  the  distant  horizon  what  seem  to  be  a  great  many  other 
convoy  ships  appear,  though  such  is  their  remoteness  that  even  our  best  glasses 
enable  us  to  know  very  little  regarding  them.  But  in  the  vessels  of  the  same  group 
as  ourselves,  we  see  evolutions  similar  to  those  which  our  own  ship  performs — we 
see  them  maintain  relations  similar  to  our  own  to  the  great  guardian  vessel  in  the 
JPj^st — we  see  them  regulated  by  her  in  all  their  movements,  and  that  when  night 
falls  dark  most  of  them  have  their  sets  of  lanterns  hoisted  up  to  give  them  light ; 

there  is  a  desire  among  us  to  know  somewhat  respecting  the  crews  of  mese 
neighbouring  vessels  of  ours,  and  whether — as  we  all  seem  bound  on  a  common 
voyage — the  expedition,  as  it  is  evidently  under  one  and  the  same  control,  may  not 
have  a  common  purpsse  or  object  to  accomplish." — Hugh  Miller. 

BRIC-A-BRAC  HUNTER  (The)  ;  or,  Chapters  on  Chinamania. 
By  Major  H.  Bvng  Hall.  With  Photographic  Frontispiece.    Crown  8vo,  cloth, 
full  gilt  (from  a  special  and  novel  design),  10s.  6d. 
This  is  a  delightful  book.    His  hints  respecting  marks,  texture,  finish,  and  cha- 
Jjcter  of  various  wares  will  be  useful  to  amateurs.    By  all  who  are  interested  in 
Chinamania  it  will  be  most  warmly  appreciated — a  very  amusing  and  chatty  volume." 
S/andard. 

BRILLAT-SAVARIN.— GASTRONOMY  AS  A  PINE  ART; 

or.  The  Science  of  Good  Living.  A  Translation  of  the  "  Physiologie  du  Gout " 
of  Brillat-Savarin,  with  an  Introduction  and  Explanatory  Notes,  by  R.  E. 
Anderson,  M.A.    Small  crown  8vo,  cloth  extra,  6s.  '[Nearly  ready. 

"  I  could  write  a  better  book  of  cookery  than  has  ever  yet  been  written ;  it 
should  be  a  book  on  philosophical  principles." — Dr.  Johnson: 

BUNYAN'S  PILGRIM'S  PROGRESS.  Edited  by  Rev.  T.  Scott. 

With  17  beautiful  Steel  Plates  by  Stothard,  engraved  by  Goodall  ;  and 
numerous  Woodcuts.    Crown  8vo,  cloth  extra,  gilt,  js.  6d. 

"The  style  of  Bunyan  is  delightful  to  every  reader,  and  invaluable  as  a  study  to 
every  person  who  wishes  to  obtain  a  wide  command  over  the  English  language.  The 
vocabulary  is  the  vocabulary  of  the  common  people.  There  is  not  an  expression,  if 
we  except  a  few  technical  terms  of  theology,  which  would  puzzle  the  rudest  peasant. 
Yet  no  writer  has  said  more  exactly  what  he  meant  to  say.  For  magnificence,  for 
pathos,  for  vehement  exhortation,  for  subtle  disquisition,  for  every  purpose  of  the 
poet,  the  orator,  and  the  divine,  this  homely  dialect — the  dialect  of  plain  working 
men — was  perfectly  sufficient.  There  is  no  book  in  our  literature  on  which  we  could 
so  readily  stake  the  fame  of  the  old  unpolluted  English  language  ;  no  book  which 
shows  so  well  how  rich  that  language  is  in  its  own  proper  wealth,  and  how  little  it 

has  been  improved  by  all  that  it  has  borrowed  _We  are  not  afraid  to 

say  that,  though  there  were  many  clever  men  in  England  during  the  latter  half  of 
the  seventeenth  century,  there  were  only  two  great  creative  minds.  One  of  those 
minds  produced  the  '^Paradise  Lost,'  the]  other,  the  'Pilgrim's  Progress.'"— 
Macaulay. 


CHATTO  6-  WINDUS,  PICCADILLY. 


BYRON'S    (Lord)    LETTERS    AND    JOURNALS  With 
Notices  of  his  Li/e.    By  Thomas  Moore.   A  Renrint  ofthrfwInLl  tt^v 
newly  revised,  complete  in  a  thick  Volume  of  xoL  pp.fwUh&ve  fulN^^^^^^^ 
Plates.    Crown  8vo,  cloth  extra,  gilt,  qs.  6d.  J-weive  luu-paga 

"We  have  read  this  book  with  the  greatest  nlpncni-o     r^r,.>M—  j  i 
composition,  it  deserves  to  be  classed  am^ng  tl^est  specimen^ o?  ' 

:^^[r^M^^;;Hs-^£^^^--^ 

^M^^inJ^'^  works  in  SCULPTURE  AND  MODEL- 

iTHntin  T  i"^'"-'  «^<l"'s."ely  engraved  in  Outline  by  Moses  and 

fe^jg    P""'^'^  Descriptions  by  the  Countess  ALBm^r 

in  the  main  eLct.-'-SpecZior  descriptive  notes  are  discriminating,  and 

dere^  We%t|?rvertit?  exquisUefidlHt'  ^"a"'"'  ''■f'P^,"^  "'^  ""S^^'  -n- 
.0  be  plaLd  besile  the  ^^^S^^^  ^^^-^^^  ^^l^^^^^^ 

=k&ra^^^^^^ 

Author-sorigini  Pa"2ngs  l^^o  Vo^flmn^'^l%^°'°r'^  Engravings  from  the 
beautifully  printed  in  Cdfu^s,  ^3  3!  '  ""^  ^'^'^^ 

CATLIN'S  NORTH  AMERICAN  INDIAN  PORTFOLIO  r^n 

S?;Kt'a^rinte:r     ire^-^'  cP?e^oT?h?'i°JiaJs°^e 
by  the  Author  duri^  Eight  Years' Tt"e  ''^  f 

beautifully  coloured  in  facsimile  oflhe  nrilfLi  °^      magnificent  Plates, 

tian  Hall.^  Imperial  foHo!Tal?-lrocc°  glh  l^f  xor"^'  "  '^^ 

''^cfpSiutl^l^FnS  ^4  Of       '=hoicest  Land- 

Bio^graphical  Slce^Forit^'toy^J,  Fo^for.ra'p^^^^^^^^^ 

^a^ttYh^5Pgin^?e£o7?.l^^^^^^^^^^  °/  303  Prints 

a  descriptive  Catalogue  of  each  Print  ListJof^hl  p  ^  ^V'^'^l"  Earlom.  With 
for  which,  the  original  Pictured  were  first  Da  nfJ''""^'  and  the  Places 

of  most  of  them.  London  -  publTshed  M  d"'' J''^^,*^  P"'"'^"'  Possessors 
Printed  by  W.  Bulmer  ani  lo  ClevelLf  Row'  ^"^d^"  ^"-1  ?°V  Cheapside. 
morocco  extra,  gilt  edges,  ;£io  loi.  '"^^    ^^'^^^  Vols,  folio,  half- 

COLMAN'S  HUMOROUS  WORKS?     "n^r^.^n-  , 
gown  and  Slippers,"  and  other  Humorou7woT;;s  pZ       /T'  ^yNight- 
COLMAN.    With  Life  and  Anecdotes  bv  P  R  R,  """^  Poetical,  of  Georgb 

Hogarth.    Crown  8vo,  doth  extra,  gik      ^^gf  "c«"°ne.  and  Frontispiece  by 

and Zg'ero^l^H^:  hrndTlt  Ts  'T^^hZ^^ri::^  ^^JT',,"'"^       -  '>-<^. 

°SS:^nS^S™^«,„S  CATHEDRALS. 


8 


BOOKS  PUBLISHED  BY 


CONSTABLjE'S  GRAPHIC  WORKS.  Comprising  40  highly- 
finished  Mezzotinto  Engravings  on  Steel,  by  David  Lucas  ;  with  descriptive 
Letterpress  by  C.  R.  Leslie,  R.A.    Folio,  half-morocco,  gilt  edges,  i^z  zj. 

COPE  (Sir  W.)— THE  HISTORY  OP  THE  RIFLE  BRIGADE 

(The  Prince  Consort's  Own),  formerly  the  gsth.  By  Sir  William  H.  Cope,  for- 
merly Lieutenant  Rifle  Brigade.  One  Vol.  8vo,  with  Illustrations,  Maps,  and 
Plans.  [Nearly  ready. 

COTMAN'S     ENGRAVINGS     OP    THE  SEPULCHRAL 

BRASSES  IN  NORFOLK  AND  SUFFOLK.  With  Letterpress  Descrip- 
tions, an  Essay  on  Sepulchral  Memorials  by  Dawson  Turner,  Notes  by  Sir 
Samuel  Meyrick,  Albert  Way,  and  Sir  Harris  Nicolas,  and  copious  Index. 
New  Edition,  containing  173  Plates,  two  of  them  Illuminated.  Two  Volumes, 
small  folio,  half-morocco  extra,  £6  ts. 
COTMAN'S  ETCHINGS  OF  ARCHITECTURAL  REMAINS, 
chiefly  Novman  and  Gothic,  in  various  Counties  in  England,  but  principally  in 
Norfolk,  with  Descriptive  Notices  by  Dawson  Turner,  and  Architectural  Obser- 
vations by  Thomas  Rickman.  Two  Vols,  imperial  folio,  containing  240  spirited 
Etchings,  half-morocco,  top  edges  gilt,  £^  is. 

COTMAN'S    LIBER   STUDIORUM.    A  Series  of  Landscape 

Studies  and  Original  Compositions,  for  the  Use  of  Art  Students,  consisting  of 
48  Etchings,  the  greater  part  executed  in  " soft  ground."  Imperial  folio,  half- 
morocco,  £\  IIS.  6d, 

CREASY.— MEMOIRS    OF  EMINENT  ETONIANS;  with 
Notices  of  the  Eariy  History  of  Eton  College.    By  Sir  Edward  Creasy,  Author 
of  "  The  Fifteen  Decisive  Battles  of  the  Worid."    A  New  Edition,  brought  down 
to  the  Present  Time,  with  13  Illustrations.     Crown  8vo,  cloth  extra,  gilt,  7^.  6d. 
"  A  new  edition  of  "  Creasy's  Etonians  "  will  be  welcome.  The  book  was  a  favourite 
a  quarter  of  a  century  ago,  and  it  has  maintained  its  reputation.    The  value  of  this 
new  edition  is  enhanced  by  the  fact  that  Sir  Edward  Creasy  has  added  to  it  several 
memoirs  of  Etonians  who  have  died  since  the  first  edition  appeared.    The  work  is 
eminently  interesting. "  — Scoisman. 

CRUIKSHANK'S  COMIC  ALMANACK.  Complete  in  Two 
Series  :  The  First  from  1835  to  1843  ;  the  Second  from  1844  to  1853.  A  Gather- 
ing of  the  Best  Humour  of  Thackeray,  Hood,  Mayhew,  Albert  Smith, 
A'Beckett,  Robert  Brough.  &c.  With  2000  Woodcuts  and  Steel  Engravings 
by  Cruikshank,  Hine,  Landells,  &c.  Crown  8vo,  cloth  gilt,  two  very  thick 
Volumes,  15^.;  or,  separately,  7s.  6d.  per  Volume. 

CUSSANS'  HANDBOOK  OP  HERALDRY.  With  Instructions 
for  Tracing  Pedigrees  and  Deciphering  Ancient  MSS.;  Rules  for  the  Appomtment 
of  Liveries,  Chapters  on  Continental  and  American  Heraldry,  &c.  &c.  By  John 
E.  Cussans.  Illustrated  with  360  Plates  and  Woodcuts.  Crown  8vo,  cloth  extra, 
gilt  and  emblazoned,  7^.  6d. 

CUSSANS'  HISTORY  OP  HERTFORDSHIRE.     A  County 

History,  got  up  in  a  very  superior  manner,  and  ranging  with  the  finest  works  of 
its  class.  By  John  E.  Cussans.  Illustrated  with  full-page  Plates  on  Copper  and 
Stone,  and  a  profusion  of  small  Woodcuts.  Parts  I.  to  X.  now  ready,  21s.  each. 
"The  amount  of  labour  Mr.  Cussans  bestows  to  obtain  original  information  is 
immense  ;  his  anxiety  for  accuracy  is  intense,  and  the  painstaking  care  with  which 
he  investigates  statements  and  peruses  old  documents  is  remarkable.    The  result  ot 
his  industry  is  a  work  abounding  in  new  and  curious  information.    It  differs  trom 
•  Clutterbuck '  in  this  respect,  that  whereas  that  well-patronised  and  expensive  book 
had  most  care  and  attention  bestowed  on  the  first  volume— (that  part  of  Hertlord- 
shire  where  the  author  resided)— each  successive  portion  of  Mr.  Cussans  history  is 
manifestly  an  improvement  on  the  earlier  portions.    Nothing  can  ever  repay  the 
author  for  the  very  great  care,  pains,  and  time  ho  has  devoted  to  this  work,  whicii 
must  have  been  truly  a  labour  of  love  to  him  ;  but  he  has  sure  reward  in  the  esteem 
of  those  who  can  appreciate  aright  earnestness,  diligence,  and  perseverance  ui  tne 
accomplishment  of  a  useful  and  valuable  object."— /^fr/f  Guardian. 


CHATTO       WINDUS,  PICCADILLY. 


pal  Countries  of  Emope.    By^J  R   PLANCHT^nmIrl?°H"'",'f  °^ri^\ 
pleted  in  Twenty-f.ur  Parts,  quarto  atXe  ihi]1°n«  fach  W  "  7'?„''=  ^"""J 
h  Coloured  and  Plain  Plates  and  Wood  EngraWnL -A  Prnln  ^''^'n^'u'^ 
sent  upon  application.    Parts  I.  to  XIV.  now  ready.^  Prospectus  will  be 

There  is  no  subject  connected  with  dress  with  which  '  Somer.;Pf  •  •  . 

as  familiar  as  ordinary  men  are  with  the  somerset  Herald'  is  not 

gathered  ki.owledge^of  many  y^ars  s  cfaced  b^fnr^fh'  °^  ^^J^ryday  life.  The 
work,  and,  when  filiished,  the^e  lluexi'st^n'o  work  o^^^^^^^  Z?^^  ""^ 

The  numerous  illustrations  are  all  pffprnV^  rJ^^lu  ■  ^uoject  half  so  valuable, 
sible  :  they  are  well  dJawn  Tnd  weU  enTa  "d  ^nd' w^^^^^^^  ""f^"' ^«^P°°- 

comprehension  of  the  text,  are  satisflct^-^^f  Crts^^tt!"-!?^^^'^:^^^^ 
thatTh^^rrrwh^^L^^^^^^^^^  Costume  give  'promise 

upon  the  subject.  The  Sustra^ons  a?e  n„n,lr„,  P"'^^':  works  ever  published 
without  the  letterpress  render  he  wnrV,n-  "f  "u?  ^^<=fl and  would,  even 
formation  as  to  co^umes  for  ffncy  ba7s  Ld  chTacTe^  nn'^  H°-,,°^  ''^^"^S"  ^^ 
prmtedandsuperblyillustrated."-6^?i„ij^^    ''""^'^ 'I"'*''  •  "  "  beautifully 

will  be  rb%t°aprciarth"mi^f^t1tt' a^^^^  necessarilyimperfect  glossary 
oook."-^//«„/«';„.        '"^  '^'"'^  greater  advantages  promised  by  Mr.  Planche's 

'SSiSi  r;L5c?''^^^^^^=        Book-Madness  :  A 

tbn  ^^ithT  Suppler'ntincMng^^Te^^^^^  \t'r'°"^  A^^^  ^dU 
the  Drama.    Demy  8vo,  hal^Ro^burghe  L°     '  '^''""''^  Characters  in 

ma„L:i\rc°oSeT;rotnt-  "^^^t^-^-  '  Biblio- 

traordmary  gratifications  I  have  enjoye°d"for  Sy'^^a^s^-tsATDiLA^ 

»iY?vfcLth-eS,-^^ 

has  putlter  Sfv^  book  that  Mr.  Dixoa 

^GREA?  i'Snt'^?^  HUNTINa  GROUNDS  OF  THE 

Great  Nonh  l^merfcan^D^fe^^'^^r  ^  cHA^n'^f'  ^^""^r^-^  IndUnsTf^h^ 
Colonel  of  the  United  States  Army    With  an  T  °rn/''r''  Lieutenant- 

= ^^^^ 

Of  -^P-^^»th^^^?t^^i^^^^ 
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BOOKS  PUBLISHED  BY 


DtTNRAVEN'S  (Earl  of)  THE  GREAT  DIVIDE :  A  Narrative 

of  Travels  in  the  Upper  Yellowstone  in  the  Summer  of  1874.  With  Maps  and 
numerous  striking  full-page  Illustrations  by  Valentine  W.  Bromley.  Second 
Edition.    DemySvo,  cloth  gilt,  i8j. 

"There  has  not  for  a  long  time  appeared  a  better  book  of  travel  than  Lord  Dun- 
raven's  '  The  Great  Divide.'  .  .  .  The  book  is  full  of  clever  observation,  and 
both  narrative  and  illustrations  are  thoroughly  good." — Athenmum. 

"A  jolly,  rollicking  narrative  of  adventure  and  sport,  mixed  up  with  a  great  deal 
of  useful  information  concerning  one  of  the  most  interesting  regions  in  the  American 
continent." — Nature. 


ARLY  ENGLISH  POETS.  Edited,  with  Introductions  and 
Annotations,  by  Rev.  A.  B.  Grosart.  Crown  Bvo,  cloth  boards,  bs.  per 
Volume  ;  a  few  Large  Paper  copies  (only  50  printed),  at  12*.  per  Vol. 

"  Mr.  Grosart  has  spent  the  most  laborious  and  the  most  enthusiastic  care  on  the 
perfect  restoration  and  preservation  of  the  text ;  and  it  is  very  unlikely  that  any 

other  edition  of  the  poet  can  ever  be  called  for  From  Mr.  Grosart  we 

always  expect  and  always  receive  the  final  results  of  most  patient  and  competent 
scholarship. ' ' — Examiner. 


1.  rietcher's (Giles,  B.D.) Com- 

plete Poems,  Christ's  Victorie  in 
Heaven,  Christ's  Victorie  on  Earth, 
Christ's  Triumph  over  Death,  and 
Minor  Poems.  With  Memorial- 
Introduction  and  Notes. 

2.  Davies'  (Sir  John)  Complete 

Poetical  Works,  including  Psalms 
I.  to  L.  in  Verse,  and  other  hitherto 
unpublished  MSS.,  for  the  first 
time  Collected  and  Edited.  With 
Memorial-Introduction  and  Notes. 
Two  Vols. 

3.  Herrick's  (Robert)  Hespe- 

rides,  Noble  Numbers,  and  Com- 


plete Collected  Poems.  With 
Memorial-Introduction  and  Notes, 
Steel  Portrait,  Index  of  First  Lines, 
and  Glossarial  Index,  &c.  Three 
Vols.  [/«  the  press, 

Sidney's  (Sir  Philip)  Com- 
plete Poetical  Works,  including 
all  those  in  "Arcadia."  With 
Memorial-Introduction  and  Notes. 

\_I71  preparation. 

Donne's  (Dr.  John)  Complete 

Poetical  Works,  including  the 
Satires  and  various  from  MSS. 
With  Memorial-Introduction  and 
Notes.  [/» preparation. 


Other  volumes  are  in  active  preparation. 

EMANUEL   ON  DIAMONDS  AND  PRECIOUS  STONES  ; 

their  History,  Value,  and  Properties  ;  with  Simple  Tests  for  ascertaining  their 
Reality.  By  Harry  Emanuel,  F.R.G.S.  With  numerous  Illustrations,  Tinted 
and  Plain.    A  New  Edition,  crown  8vo,  cloth  extra,  gilt,  6s. 

EMERSON.— LETTERS  AND   SOCIAL  AIMS.    By  Ralph 
Waldo  Emerson.    Second  Edition.    Crown  8vo,  cloth  extra,  ^s.  6d. 
"  His  method  of  work  is  that  of  great  thinkers.     Gradually  he  absorbs  and 
assimilates  whatever  science  or  history  can  furnish,  and  slowly  and  reflectively  he 
gives  us  the  result  of  his  thoughts."— Athena;um. 

"Will  be  eagerly  welcomed  by  his  numerous  admirers  on  both  sides  of  the 
Atlantic.  .  .  .  These  latest  essays  and  lectures  of  the  American  sage  contain  the 
matured  fruits  of  earnest  and  deep  thought  wrapt  up  in  language  always  clear  and 
incisive,  often  happily  epigrammatic.  They  present  the  author's  npest  opmions  on 
literature  and  society.  Every  part  of  the  work  breathes  the  free  air  which  belongs 
to  a  free  country,  and  is  redolent  of  ho^e  and  youth.  The  happy  knack  which 
Emerson  always  possessed  of  illustrating  his  meaning  by  apposite  anecdotes  has  not 
failed  him  in  his  old  age  ;  and  in  these  pages  light  is  often  flashed  upon  an  obscure 
or  abstruse  proposition  from  a  pithy  and  pointed  story.  Without  any  pedantic  show 
of  learning,  every  page  bears  witness  to  the  author's  wide,  one  might  almost  ^y 
encyclopcedic,  acquaintance  with  the  literature  of  all  ages  and  of  all  races.  Not 
only  has  Emerson  been  a  great  reader,  but  he  has,  so  to  speak,  got  at  the  very 
innermost  core  of  the  books  which  he  has  devo\xred."—Scoisman. 


CHATTO  &-  WINDUS,  PICCADILLY. 


It 


ENGLISHMAN'S  HOUSE  CThe<  •    A  p         ,  ^  • 

terested  in  Selecting  or  Building  a  House  .Wthfn.T^.''^^^  ^"''^^  *°  a"  in- 
&c.  By  C.  J.  Richardson.  Third  EdiUon  W^^'""^''f  Quantities. 
Crown  Svo,  cloth  extra,  yj.  6ar.  ^a'Uon.    With  nearly  600  Illustrations. 

^AIEHOLT. — TOBACCO  •  Tfc  w  f 
eluding  an  Account  of  the  Plant  andht  M°,7f      Associations;  in- 
Use  in  all  Ages  and  Countries    By  F  W  F  f^S^ ^J'^  its  Modes  of 

the  Authf  r^;'-av^o:'S^^^^^^  «TI ^i.^-,,- n^l^ 
we  ct^1Sy^'?e^o^^U"„^d  X"^t2'Sfs  t^f        ''^  --^-h 

"A  delightful  reprint.  a  m 

which  some  still  think  unsa^oury-it  woS3  notT^e^v  fo^r.'Jf  l"*^  °"  ^  =="bject 
FARADAY'S    CHEMICAL    HIS^  01,^°  T  '^'^^^^^ 

Lectures  delivered  to  a  Juvenile  AnHtn.      rTr    °^     ^  CANDLE. 

''^?t2J#?°YS..T??f  S^'^^?™^-    A  New 

numerous  Illustrations,  4j.  6rf,    • ' ^■^•S'..  &c.  Crown  Bvo,  doth entra,  with 

oour£'n;S°.K;iot%Wit."i'£  "  "»  »'  "".nine.,  ii. 

attended.    It  was  partially  derived  frmm  hJc     .'^    °^°P'^^''  lectures  we  hav<> 

irdtcTat'n°t?.hl^-^^  fllt\f  i^nl^^r--^^^^^^^  Sng'ThTt 

a  sparkling  stream  of  eloquence  Ld  experim^^^^^^  '  ^'""^  vocalis  t.  '^Il  waf 

FIGUIER'S  PRIMITIVE  MAN    A  P     [  .7 

yailmg  Theories  of  the  Descent  of  it  a.'  n     ^^P^I^"^  Manual  of  the  nro 
John  Lubbock,  Huxley,  E  B  Tvlor  fnH^  T"'^^'?'^      Darwin,  Lybli^^^' 

He  endeavours  to  seDaratp  fh»;      -    ^  a  considerable  =.™  ™odem  re- 

account  of  Mi'°creaUon  nnH  3'^""^  respecting  PriSe  Man  °^  "re- 

any  way  quesSned  by  th"'se  ifbo"^^^^  ""^l^t^'  'hat  the  authority  of  Solt^W^°-'^'<= 
first  appearance  upon  eardi  ^""^  =<=eking  the  real  innT 

.ence,theactua.discovery^%'iliToU"crs^^^^^^^^^ 

FINGER-RING  LORE- Histovin.!  t      ^  ~^t>^"^Z. 
Of  all  Ages  ani  Countr^et^CrorSv^.-ctt^htrrV^fe 

U'ttfic  Press, 
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BOOKS  PUBLISHED  BY 


AY.— FROM  PALL  MALL  TO  THE  PUNJAUB;  or,  With 

the  Prince  in  India.    By  J.  Drew  Gay.  Demy  8vo,  cloth  extra,  with  fine 
full-page  Illustrations,  i8j. 
' '  A  lasting  memorial  of  an  interesting  journey."— ZJatYj/  Telegraph. 
•'  Written  in  a  lively  and  unpretentious  style,  and  sparklmg  here  and  there  wiin 
genuine  humour,  the  work  is  a  decidedly  attractive  one."— Leeds  Mercury. 

"  A  careful  and  sober  narrative,  without  exaggeration,  without  gush.  Mr.  tjay 
has  done  his  work  like  a  man  who  felt  the  responsibility  of  it.  He  has  put  into  nis 
note-book  what  he  saw,  and  transferred  his  pictures  and  impressions  to  type  witn. 

conscientious  fidelity." — Hornet.  .       ,     .  ,        .        .  „„  ._j 

"  A  very  readable  and  enjoyable  narrative  of  a  journey  whose  importance  ana 
interest  are  already  part  of  historj-."— News. 

GELL  AND  GANDY'S  POMPEIANA ;  or,  The  Topography, 
Edifices,  and  Ornaments  of  Pompeii.  With  upwards  of  lOo  Lme  Engravings  by 
GooDALL,  Cooke,  Heath,  Pye,  &c.    Demy  8vo,  cloth  extra,  gilt,  i8f.  ^ 

GEMS  OF  ART  :  A  Collection  of  36  Engravings,  after  Paintings  by- 
Rkmbrandt,  Cuyp,  Reynolds,  Poussin,  Murillo,  Teniers,  Coreeggio,. 
Gainsborough,  Northcote,  &c.,  executed  in  Mezzotint  by  1  ukner,  Bromley, 
&c.   Folio,  in  Portfolio,  ;£i  lu.  (id. 

GILBERT  (W.S.),  ORIGINAL  PLAYS  by  :  "  A  Wicked  World," 

"Charity,"  "Palace  of  Truth,"  "Pygmalion,"  "Trial  by  Jury,'  &c.  One 
Vol.  crown  8vo,  cloth  extra,  gJ. 

"His  workmanship  is  in  its  way  perfect ;  it  is  very  sound,  very  even,  very  well 

sustained,  and  excellently  balanced  throughout.'  —Observer. 

"  A  book  which  not  only  the  modern  playgoer,  but  those  who  do  not  frequent  the. 

theatre,  can  read  with  equal  pleasure."— .Era. 

"  Mr  Gilbert  has  done  well  and  wisely  to  publish  in  a  collected  forni  some  of  his 

best  plays.  The  '  Palace  of  Truth  ■  and  '  Pygmalion '  may  be  read  and  enjoyed  as- 

poems  by  persons  who  have  never  entered  the  walls  of  a  theatre."-6/««rf«r<2r. 

GILLRAY'S  CARICATURES.  Printed  from  the  Original  Plates, 
all  engraved  by  Himself  between  1779  and  1810 ;  comprising  the  best  Pohtical  and 
HumSrous  Satires  of  the  Reign  of  George  the  Third,  in  upwards  of  600  highly 
spirited  Engravings.  Atlas  folio,  half-morocco  extra  gilt  edges,  £7  i°^--^here 
is  also  a  VolumI  of  Suppressed  Plates,  atlas  folio,  half-morocco,  3"-  (>d- 
Also  a  Volume  of  Letterpress  Descriptions,  comprising  a  very  amusing 
Political  nLtory  of  the  Reign  of  George  the  Third,  by  Thos.  Wright  and 
R.  H.  Evans.   Demy  8vo,  cloth  extra,  15^.  ;  or  half-morocco,  ii  is. 

GILLRAY.  THE  CARICATURIST  :  The  Story  of  his  Life  and 
Times  and  Anecdotal  Descriptions  of  his  Engravings.  Edited  by  Thomas 
Wright!  Esq.,  M.A.,  F.S.A.  With  83  full-page  Plates,  and  numerous  Wood 
Engravings.    Demy  4to,  600  pages,  cloth  extra,  31^.  bd. 

•'  High  as  the  expectations  excited  by  this  description  [in  the  Introduction]  ma? 
be  thev  will  not  be  disappointed.    The  most  inquisitive  or  exacting  reader  will 
find  reldy  gathered  to  his  hand,  without  the  trouble  of  reference,  almost  every 
scrap  of  nLfative,  anecdote,  gossip,  scandal  or  epigram,  in  P°^/J.°;  P^'V^ 
can  possibly  require  for  the  elucidation  of  the  caricatures.  —Quarterly  Ke.  tew. 

GOSSE  (Edmund  W.)— KING  ERIK:  A  Tragedy.  With  a 
Vignette  by  W.  B.  Scott.    Small  8vo,  cloth  gilt,  dr. 

"The  author's  book,  'On  Viol  and  Flute,'  displayed  such  a  remarkable  ear  for 
music  such  a  singular  poetic  interpretation  of  flowers  and  trees,  and  such-like  chi  - 
Xen  of  F^ora.  and,  above  all,  such  a  distinct  and  individual  poetic  savour,  that  it 
would  Vav/ been  a  pity  indeed  had  these  good  gifts  been  wasted  in  any  w^^^^^^ 
direction.  In  this  case  there  is  happily  no  cause  for  such  pity.  We  ha^  e  se  dom 
seen  so  marked  an  advance  in  a  second  book  beyond  a  first.  .  .  •  °i. 
•  King  Erik  '  are  but  slight  matters  ;  its  merits  are  solid,  and  of  a  very  high  order. 
Academy. 
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GOSSE  (Edmund  W.)— ON  VIOL  AND  FLUTE  qpmnrl 
Edition.   AVith  a  Vignette  by  W.B.  Scott.    SmaU  8vo,  cl«h  ^''"'"^ 

GREENWOOD'S  (James)  LOW-LIFE  DEEPq  •  An  Ao^^„„f  «f 

the  Strange  Fish  to  be  found  there  ;  including  ''The  Man  and  Hn.  F  V,?" 
much  additional  and  confirmatory  evidence  •  '' With^  m  ^.F 

Star  "  "The  Betting  Barber,"  "A  Coal  Marriage  "  Sc  t'i  T",.^^"?" 

tint  by  Alfred  Concanen.    Crown  8vo,  cloth  ex^a.  gHt  ^7&d 


interesting  reading     It  shows  that  theTe'a/e  mlny  things  in  Lon- 
'Ple.    It  IS  well  got  up,  and  contains  a  number  of 


don  life  not  dreamt  of  by  most  peo 
striking  illustrations."— i"(ro^j;«rt« 


Places  in  London.  By  James  GREKNwon^  n,  ■^f."13'^''?''le  Scenes,  People,  and 
deligt^ll^foteZtenlt"^^^^^^^^^^ 

abuses  and  those  hoIe-and-co^Lre'vlScSl  s?c^eT^"l1«%X'KS^ 


GOLDEN  LIBRARY  (The) 

extra,  zi.  per  Volume  :— 

Book  of  Clerical  Anecdotes  : 

The  Humours  and  Eccentricities  of 
"the  Cloth." 

Byron's  Don  Juan. 

Carlyle  (Thomas)  on  the  Choice 

of  Books.    With  a  Memoir,  [ij.  6a'.] 

Godwin's  (William)  Lives  of 

the  Necromancers. 

Holmes's  Autocrat  of  the 
BreaHa^t  Table.  With  an  Introduc- 
tion by  George  Augustus  Sala 

Holmes's   Professor    at  the 

Breakfast  Table. 

Hood's  Whims  and  Oddities. 

Both  Series  Complete  in  One  Volume 
with  all  the  onginal  Illustrations. 

Irving's  (Washington)  Tales  of 

a  Traveller. 

Irving's  (Washington)  Tales  of 

the  Alhambra. 

Jesse's  (Edward)  Scenes  and 

Occupations  of  Country  Life;  with 
Recollections  of  Natural  History 

Lamb's  Essays  of  Elia.  Both 

Senes  Complete  in  One  Vol. 

Leigh  Hunt's  Essays  :  A  Tale 

^'"■"^'■■'^"'lo'herPieces. 
With  Portrait,  and  Introduction  by 
Edmund  Olukr.  I 


Square  i6mo,  (Tauchnitz  size),  cloth 
JV^Uory's  (Sir  Thomas)  IVTort 

D'Arthur :  The  Stories  of  KinC 
and  of  the  Knights  of  the  "J 
Table     Edited  by's.  M°.'imG"'"^ 

Pascal  s  Provincial  Letters  A 

New  Translation,  with  Historical 
Introduction  and  Notes  -r 
M'Crie,D.D.,  LL.D        •  ^• 

^Works.  Pootical 

^"^^"^'^  Maxims  and 

Moral  Reflections.  With  Notes  and 
anjntroductory  Essay  byl^KTE'! 

St.  Pierre's  Paul  and  Virginia 
Shelley's  Later  Poems  •  Laon 

and  Cythna,  &c. 

^^hf^^if  ^°3thumous  Poems, 

the  Shelley  Papers,  &c  ' 

SheUey's  Prose  Works,  includ 
White's  Natural  History  of 


,  ■'""'"AS  CROWN,  KL.S. 

and  '^^r^:i^S^t^^l^^^tu%.  '"^'^'y  --'^^'^'l  volumes,  handy  In  si.o. 

GOLDEN  TREASURY  OF  THOUGHT     A«  ir 

Quotations  fVom  Writers  of  all  Times  and  all  r^^t,  •  "^I*  .-Encyclopredia  of 
THEODORE  Tavlor.  CTown  8vo,  cloth1ilt;'aS  gi.Te1ges!trr^^  ^'•"^'^ 


BOOKS  PUBLISHED  BY 


GRIMM.— GERMAN  POPULAR  STORIES.  Collected  by  the 
Brotkers  IGrimm,  and  Translated  by  Edgar  Taylor.  Edited,  with  an  Introduc- 
tion, by  John  Ruskin.  With  22  Illustrations  after  the  inimitable  designs  of 
Gkorgk  Cruikshank.  Both  Series  Complete.  Square  crown  8vo,  6f.  (,d. ;  eilt 
leaves,  -js.  6d. 

*' The  illustrations  of  this  volume  .  .  .  .  are  of  quite  sterling  and  admirable  art, 
of  a  class  precisely  parallel  in  elevation  to  the  character  of  the  tales  which  they 
illustrate  ;  and  the  original  etchings,  as  I  have  before  said  in  the  Appendix  to  my 
Elements  of  Drawing,'  were  unrivalled  in  masterfulness  of  touch  since  Rembrandt 
(in  some  qualities  of  delineation,  unrivalled  even  by  him).  ...  To  make  some- 
what enlarged  copies  of  them,  looking  at  them  through  a  magnifying  glass,  and 
never  putting  two  lines  where  Cruikshank  has  put  only  one,  would  be  an  exercise  in 
decision  and  severe  drawing  which  would  leave  afterwards  little  to  be  learnt  in 
schools." — Extract  from  Introduction  by  John  Ruskin. 

GUYOT'S  EARTH  AND  MAN  ;  or,  Physical  Geography  in  its 

Relation  to  the  History  of  Mankind.  With  Additions  by  Professors  Agassiz, 
Pierce,  and  Gray.  With  12  Maps  and  Engravings  on  Steel,  some  Coloured! 
and  a  copious  Index.  A  New  Edition.   Crown  8vo,  cloth  extra,  gilt,  4^.  6;/. 


jlAKE'S  (T.  Gordon)  NEW  SYMBOLS:  Poems.     By  the 

Author  of  "Parables  arfd  Tales."   Crown  8vo,  cloth  extra,  6s. 

"  The  entire  book  breathes  a  pure  and  ennobling  influence,  shows 
welcome  originality  of  idea  and  illustration,  and  yields  the  highest  proof 
of  imaginatve  faculty  and  mature  power  of  expression." — Athenau7n. 

HALL'S  (Mrs.  S.  C.)  SKETCHES  OF  IRISH  CHARACTER. 

With  numerous  Illustrations  on  Steel  and  Wood,  by  Daniel  Maclise,  Sir  John 
Gilbert,  W.  Harvey,  and  G.  Cruikshank.  8vo,  cloth  extra,  gilt,  7^.  td. 
"The  Irish  sketches  of  this  lady  resemble  Miss  Mitford's  beautiful  English 

Sketches  in  '  Our  Village,'  but  they  are  far  more  vigorous  and  picturesque  and 

bright." — Blackwood' s  Magazine. 

HARRIS'S  AURELIAN  :  A  Natural  History  of  English  Moths  and 

Butterflies,  and  the  Plants  on  which  they  feed.  A  New  Edition.  Edited,  with 
Additions,  by  J.  O.  Westwood.  With  about  400  exquisitely  Coloured  Figures  of 
Moths,  Butterflies,  Caterpillars,  &c.,  and  the  Plants  on  which  they  feed.  Small 
folio,  half-morocco  extra,  gilt  edges,      13^.  (>d. 

HAWKER  (MEMORIALS  OF  THE  LATE   REV.  ROBERT 

STEPHEN),  sometime  Vicar  of  Morwenstow,  in  the  Diocese  of  Exeter.  Col- 
lected, arranged,  and  edited  by  the  Rev.  Frederick  George  Lee,  D.C.L., 
Vicar  of  All  Saints',  Lambeth.  With  Photographic  Portrait,  Pedigree,  and  Illus- 
trations.   Demy  8vo,  cloth  extra,  i2j. 

"Dr.  Lee's  'Memorials'  is  a  far  better  record  of  Mr.  Hawker,  and  gives  a  more 
reverent  and  more  true  idea  of  the  man.  .  .  .  Dr.  Lee  rightly  confines  himself  to 
his  proper  subject." — Athetueum. 

HISTORICAL  PORTRAITS  ;  Upwards  of  430  Engravings  of  Rare 
Prints.  Comprising  the  Collections  of  Rood,  Richardson,  Caulfield,  &c. 
With  Descriptive  Text  to  every  Plate,  giving  a  brief  outline  of  the  most  important 
Historical  and  Biographical  Facts  and  Dates  connected  with  each  Portrait,  and 
references  to  original  Authorities.  In  Three  Vols.,  royal  4to,  half-morocco,  full 
gilt  back  and  edges,  price  £j  js. 

THE  ORIGINAL  HOGARTH. 
HOGARTH'S  WORKS.  Engraved  by  Himself.   153  fine  Plates, 
with  elaborate  Letterpress  Descriptions  by  John  Nichol.s.   Atlas  folio,  half- 
morocco  extra,  gilt  edges,  £j  los. 

"  I  was  pleased  with  the  reply  of  a  gentleman  who,  being  asked  which  book  he 
esteemed  most  in  his  library,  answered  '  Shakespeare  ' ;  being  asked  which  he  es- 
teemed next  best,  answered  '  Hogarth.'" — Charles  Lamb. 
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w^^Si^^  ^^-        CORRESPONDENCE  &  TABLE  TALK" 

With  a  Memoir  by  his  Son,  Frederic  Wordsworth  HAvnnt  ■  • 

^rge  number  of  hitherto  Unpublished  Let°erf  from  Kkat.  X  ..^"qP"'"*^  ^ 
Wordsworth,  Kirkup.  Leigh  Hunt,  Landsehh  Hnl'.^^  c  ^'  Southey, 
Beaumont,  Goethe,  Mrs.  Siddons,  Si^  W^l^Ir  S^o^t  T.,  .  ^"'"""f  ^"^  ^■ 
Miss  Mitford,  Macrbady,  Mrs.  Browning  Lnr^^S^Il'  ^i'^^^^^^^.  Jeffrey, 
With  23  Illustrations,  inc  uding  Similes  of  '•  ^^'-''AM,  and  others. 

Portraits  of  Haydon  by  Keats ^d  WiLKiP   .^^^  Sketches, 
Wii-KiE,  Keats  and  Mah^ia  Foo^l    Two'^Vors  ^o^^dothtx?,^",^^/""'^^^^  °' 
As  a  defence  of  the  painter's  character  and  career  th^  wV,rl,  K  r  ^  ■„ 
sibly  meet  with  as  mu^ch  criticism  as  approval?  but  Aerrjan  we't^^^^^ 

memoir  which  precedes  them.''-%a/0/r/^Sz]^'^        """'""'"^  ^^""^  ^"^""^ 
by  th^p^IstrseLZ '^S' -r  ^'  "'""'"^  -  I'-'^'y  '°  P-duced 

sr-L  ryfn^rardtrn^  n«nTf K°'¥^^^^^^^^^ 

charming  table-talk."-^<,^^„^  Post'    ^^^^^^  correspondence,  and  still  more 

himself,  the  letters  afford  us  the  TODorlun  te  X^^^^^^^       >'  felt  in  Haydon 

men  and  women  of  the  time    !  X^do  not  ^  of  the  greatest 

and  table-talk  forma  most  valuable  conS^bution  to  the  Wst^^'?f  *f '  '""^^^ 
m  the  pastgeneration.  The  editor  has  selected  a^d  armn^.H^f,  "  ■  1"''  '"^■■^'"•■e 
judgment,  adding  many  notes  that  contain  «„^  =r,H  ^  j  ^I'*  ""common 

thus  its  point  of  interest  The  book  wm  To  doubt  hlve^awidf'  h?^"^  ''^^ 
deserves."— Nonconformist  ^  ^  "^"^^  audience,  as  it  well 

^TMGHTH^A^^^^T^  °^  COURT  OF  HENRY 

of  the  Original  Drawings  in  the  Royal  CoHection  at  W?nH    ^^ivi  in  mutation 

^="xt^r.g^irtXs,^^r.=s^^^^ 

Office,  1792.    02  splendid  Pnrtraif^  o  Shakespeare  Printine 

tinted  in  Colours,  with  BescrS  elaborately 
Norroy  King  of  A^ms.   Atla^'S  hal?-morofcoPgilTidl^^^     '^^  ^"^'^^^ 

HOOD'S    (Tom't    tr-Rmvr  ^^Z^fl^,""'^  "•■  ""y  <>i'^^  collectio,t. 

POLErACh?Ark^obS^,NSe''^Bv?  "tP  ^ORTH 
tionsbyW.  Brunton  and  E^C  Barnes    SauLl^"*  -^'^  =5  "'"^tra- 

specally-designed  binding,  gilt  ^dges  6?'    ^    ^  """"^  ^  handsome  and 

to  the°°a  f^t}j.i  rs'i^°;'r  °w^!i-  ?etf;°"     '  N-'- 

whom,  like  his  famous  father,  he  ever  had  sucT  i  S  ""^^  'he.young  people,  fcr 
cry  any  more.  This  is  a  birthday  story  and  no  r,*!' '^?P^"'f"<^  I^eart,  laugh  of 
chapter,  concerning  birthdays  in  general  ^nd  Fr.nK  ^  °f.,'i  "  "^e  first 

amusing  etterpress  is  profusely  interspersed  with  the  ifn  Jl"''^^?      P=»«icular.  The 
bve  and  learn  so  easily.   Messrs.  Brunton  ard  Barnes  rfo  fni'-^'""'  ^^'''^ 
meMmg,  and  a  pleasanter  result  of  the  harmnn.'^.        "°       J"^"ee  to  the  writers 
could  not  be  desfred.-'-r.W.  harmonious  co-operation  of  author  and  artis? 
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BOOKS  PUBLISHED  BY 


HOOD'S  (Tom)  HUMOROUS  "WORKS.  Edited,  with  a  Memoir, 
by  his  Sister,  Frances  Freeling  Broderip.  Crown  8vo,  doth  extra,  with 
numerous  Illustrations,  ts.  [/«  the  press. 

HOOD'S  (Thomas)  CHOIOB    WORKS,   in  Prose  and  Verse. 

Including  the  Cream  of  the  Comic  Annuals.  With  Life  of  the  Author,  Portrait, 

and  over  Two  Hundred  original  Illustrations.  Crown  8vo,  cloth  extra,  gilt,  7*.  kd. 

"  Not  only  does  the  volume  include  the  better-known  poems  by  the  author,  but 
also  what  is  happily  described  as  '  the  cream  of  the  Comic  Annuals.'  Such  delicious 
things  as  '  Don  t  you  smell  Fire  ? '  '  The  Parish  Revolution,"  and  '  Huggins  and 
I)uggins,'  will  never  want  readers." — Graphic. 

' '  The  volume,  which  contains  nearly  800  pages,  is  liberally  illustrated  with  facsimile 
cuts  of  Hood's  own  grotesque  sketches,  many  of  them  pictorial  puns,  which  always 
possess  a  freshness,  and  never  fail  to  raise  a  genuine  laugh.  We  have  here  some  of 
Hood's  earlier  attempts,  and  his  share  of  the  '  Odes  and  Addresses  to  Great  People.' 
Then  we  have  the  two  series  of  '  Whims  and  Oddities,'  which  ought  to  be  prescribed 
for  nervous  and  hypochondriacal  people :  for  surely  more  mirth  was  never  packed  into 
the  same  compass  before,  more  of  the  rollicking  abandonment  of  a  rich,  joyous 
humour,  or  more  of  the  true  geniality  of  nature  which  makes  fun  so  delightful  and 
leaves  no  after-taste  of  unkindiiess  in  the  mouth.  'The  Plea  of  the  Midsummer 
Fairies '  will  be  found  here  in  unabridged  form,  together  with  '  Hero  and  Leander,' 
a  number  of  Minor  Poems,  among  which  we  meet  with  some  very  pretty  fancies — 
the  well-known  '  Retrospective  Review,'  and  '  I  Remember,  I  Remember ' — 
Hood's  contributions  to  the including  'The  Dream  of  Eugene  Aram,"  'The 
Cream  of  the  Comic  Annuals ' — in  itself  a  fund  of  merriment  large  enough  to  dispel 
the  gloom  of  many  a  winter's  evening — and  the  'National  Tales.'  This  is  a  fair 
representative  selection  of  Hood's  works,  many  of  which  have  been  hitherto 
inaccessible  except  at  high  prices.  Most  of  the  best  known  of  his  comic  effusions— 
those  punning  ballads  in  which  he  has  never  been  approached — are  to  be  found  in 
the  liberal  collection  Messrs.  Chatto  &  Windus  have  given  to  the  public."— 5i>- 
miitgkam  Daily  Mail. 

HONE'S  SCRAP-BOOKS  :  The  Miscellaneous  Collections  of 
William  Hone,  Author  of  "  The  Table-Book,"  "  Every-Day  Book,"  and  "  Year- 
Book  "  :  being  a  Supplement  to  those  works.  With  Notes,  Portraits,  and  nume- 
rous Illustrations  of  curious  and  eccentric  objects.  Crown  8vo.  [/«  preparation. 
"  He  has  deserved  well  of  the  naturalist,  the  antiquarian,  and  the  poet." — 

Christopher  North. 

HOOK'S    (THEODORE)    CHOICE    HUMOROUS  WORKS, 

incluaiiig  his  Ludicrous  Adventures,  Bons-mots,  Puns,  and  Hoaxes.  With  a  new 
Life  of  the  Author,  Portraits,  Facsimiles,  and  Illustrations.  Crown  8vo,  cloth  extra, 
gilt,  7s.  dd, 

"His  name  will  be  preserved.  His  political  songs  and j'eux  d 'esprit,  when  the 
hour  comes  for  collecting  them,  will  form  a  volume  of  sterling  and  lasting  attrac- 
tion ;  and  after  many  clever  romances  of  this  age  shall  have  sufficiently  occupied 
public  attention  and  sunk,  like  hundreds  of  former  generations,  into  utter  oblivion, 
there  are  tales  in  his  collection  which  will  be  read  with  even  a  greater  interest 
than  they  commanded  in  their  novelty."— J.  G.  Lockhart. 
HOPE'S  COSTUME   OF   THE  ANCIENTS.    Illustrated  in 

upwards  of  320  Outline  Engravings,  containing  Representations  of  Egyptian, 
Greek,  and  Roman  Habits  and  Dresses.  A  New  Edition.  Two  Vols,  royal  8vo. 
with  Coloured  Frontispieces,  cloth  extra,  £2  ss. 

'"The  substance  of  many  expensive  works,  containing  all  that  may  be  necessary 
to  give  to  artists,  and  even  to  dramatic  performers  and  to  others  engaged  in  classical 
representations,  an  idea  of  ancient  costumes  sufficiently  ample  to  prevent  their 
offending  in  their  performances  by  gross  and  obvious  blunders." 

HORNE.— ORION  :  An  Epic  Poem,  in  Three  Books.   By  Richard 

H'ENGiST  HoRNE.   With  Photographic  Portrait.  Tenth  Edition.    Crown  8vo, 

cloth  extra,  yj.  ...  r  1.      vi    »  ir  » 

"  Orion  will  be  admitted,  by  every  man  of  genius,  to  be  one  ol  the  noblest,  it  not 

the  very  noblest  poetical  work  of  the  age.    Its  defects  are  trivial  and  convenUonal, 

.,s  beauties  intrinsic  and  supreme."— Edgar  Allan  Poe. 
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TALIAN  MASTERS  (DRAWINGS  BY  THE) :  Autotype 

Facsimiles  of  Original  Drawings  With  Critical  and  Descriptive  Notes. 
Biographical  and  Artistic,  by  J.  Comyns  Carr.  Atlas  folio,  half-morocco 
S  \_Nearly  ready. 


ENNINGS'  (Hargrave)  THE    ROSICRUCIANS  •  Their 

Rites  and  Mysteries.  With  Chapters  on  the  Ancient  Fire  and  Serpent 
Worshippers  and  Explanations  of  Mystic  Symbols  in  Monuments  and 
Talismans  of  Primeval  Philosophers.     Cr.  8vo,  300  Illustrations,  10s.  6d. 

JOSEPHUS  (The  Works  of).     Translated  by  Whiston.  Con- 
taining both  the  "Antiquities  of  the  Jews  "  and  the  "Wars  of  the  Jews."  Two 
Vols.  8vo,  with  32  Illustrations  and  Maps,  cloth  extra,  gilt,  14^. 
"This  admirable  translation  far  exceeds  all  preceding  ones  and  has  never  been 

equalled  by  any  subsequent  attempt  of  the  kind."— Lowndes. 


nAVANAGH.— THE  PEARL  FOUNTAIN,  and  other  Fairy 

Stones.  By  Bridget  and  Julia  Kavanagh.  With  Thirty  Illustrations 
by  J.  MovR  Smith.  A  handsome  Gift  Book.  Small  8vo,  cloth,  full  gilt, 
gilt  edges,  6s.  y,,  \^ 

KINGSLEY'S  (Henry)    FIRESIDE   STCTDIES.      Two  Vol-: 

crown  8vo,  21J. 


ilAMB'S  (Charles)  COMPLETE  WORKS,  in  Prose  and 

Verse,  repnnted  from  the  Original  Editions,  with  many  pieces  now  first 

 ^     w-.i4?,<^  Edition,  and  Notes  and  Introduction  by  R.  H.  Shepherd 

With  Two  Portraits  and  Facsimile  of  a  page  of  the  "  Essay  on  Roast  Pie 
Crown  Bvo,  cloth  extra,  gilt,  ^s.  6d.  -t^uaai.  x-ig. 

"The  genius  of  Mr.  Lamb,  as  developed  in  his  various  writings,  takes  rank  with 
h/hhTh  "^I'^'^^i  %  '\  l^r        ^  ^l^r^&s  facile princfps  in  the  subject  he 

vou  win  findT±  ru^  v*'  ■"^f"^^  .'>^'°"gh.  from  its  first  beginnings  until  now/and 
V  n  ^  ''ke  him.  There  is  not  a  criticism  he  ever  wrote  that  does  not 
directly  tell  you  a  number  of  things  you  had  no  previous  notion  of.  In  criticism  he 
was  mdeed,  in  all  senses  of  the  word,  a  discoverer-like  Vasco  Nunez  or  Magellan  In 
that  very  domain  ofhterature  with  which  you  fancied  yourself  most  v^ouslvand 
closely  acquainted  he  would  show  you  '  fresh  fields  and  pastures  new  these  the 
most  fruitful  and  deUghtful.    For  the  riches  he  discovered  were  richer  that  thev  had 

spn°r.'b  nf"^*'  """'^  ^''i"'''''"  "'^J''  ^I^*"  f°"nd,  that  they  hid  eluded  the 
search  of  ordinary  men.  As  an  essayist,  Charies  Lamb  will  be  re  Jembered  in  years 
to  come  with  Rabelais  and  Monta  ene  with  Sir  Thnma=  rXT,,™!  '.u  c.  i  ^^^^^ 
w^th  Addison.  He  unites  many  of'the'  finest  c"arlc^°eri:  ic!  ofXseTet^  writer^ 
He  has  wisdom  and  wit  of  the  highest  order,  exquisite  humour,  a  genufne  SdTordi^ 
oirl&e'0'ki:it\^^^^^^  ^"  fargesTaTc'ipTatlo^ 

LAMB  (Mary  and  Charles)  :  THEIR  POEMS  LETTTTPcj 

f  Po^^i;!;  ^fXtsi^t  FlsfnTii-  o-^^thfS'^^- 

fvtXh°L^rT';or.l^°'-^^^^^^ 

"  Must  be  consulted  by  all  future  biographers  of  the  Lamb^  "    r,„;i..  w 

^im!? f  ^r^        ^^""1  ETCHINGS  OF  OAKNIVOEOCTS 
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LAMONT.— YACHTING-  IN  THE  ARCTIC  SEAS  ;  or.  Notes 

of  Five  Voyages  of  Sport  and  Discovery  in  tlie  Neighbourhood  of  Spitzbergen 
and  Novaya  Zemlya.  By  James  Lamont,  F.G.S.,  F.R.G.S.  Author  of  "Seasons 
with  the  Sea-Horses."  Edited,  with  numerous  full-page  Illustrations,  by 
William  Livesay,  M.D.  Demy  8vo,  cloth  extra,  with  Maps  and  numerous 
Illustrations,  i8j. 

"After  wading  through  numberless  volumes  of  icy  fiction,  concocted  narrative, 
and  spurious  biography  of  Arctic  voyagers,  it  is  pleasant  to  meet  with  a  real  and 
genuine  volume.  .  .  .  He  shows  much  tact  in  recounting  his  adventures,  and 
tney  are  so  interspersed  with  anecdotes  and  information  as  to  make  them  anything 
but  wearisome.  .  .  .  The  book,  as  a  whole,  is  the  most  important  addition  made 
to  our  Arctic  literature  for  a  long  time." — A  thenattm.  ' 

"  Full  of  entertainment  and  information." — Nature. 

"  Mr.  Lamont  has  taken  a  share  distinctively  his  own  in  the  work  of  Arctic  dis- 
covery, and  the  value  of  his  labours  as  an  '  amateur  explorer '  is  to  be  attributed  to 
the  systematic  manner  in  which  he  pursued  his  investigations,  no  less  than  to  his 
scientific  qualifications  for  the  task.  .  .  .  The  handsome  volume  is  full  of  valuable 
and  interesting  information  to  the  sportsman  and  naturalist — it  would  be  difficult  to 
say  which  of  the  two  will  enjoy  it  most."— Scotsmati. 

LEE  (General  Robert) :  HIS  LIFE  AND  CAMPAIGNS.  By 

his  Nephew,  Edward  Lee  Childe.    With  Steel-plate  Portrait  by  Jeens,  and 

a  Map.    Post  8vo,  gs.  ... 

"  A  valuable  and  well-written  contribution  to  the  history  of  the  Civil  War  m  the 
United  States." — Saturday  Review. 

"  As  a  clear  and  compendious  survey  of  a  life  of  the  true  heroic  type,  Mr.ChJde's 
volume  may  well  be  commended  to  the  English  reader." — Graphic. 

LIFE  IN  LONDON;  or.  The  Day  and  Night  Scenes  of  Jerry 

Hawthorn  and  Corinthian  Tom.  With  the  whole  of  Cruikshank's  very  Droll 
Illustrations,  in  Colours,  after  the  Originals.  Crown  8vo,  cloth  extra,  gilt, 
7^.  (sd. 

LINTON'S  (Mrs.)   JOSHUA  DAVIDSON,  Christian  and  Com- 
munist. Sixth  Edition,  with  a  New  Preface.  Small  cr.  8vo,  cloth  extra,  4^.  (>d. 
"In  a  short  and  vigorous  preface,  Mrs.  Linton  defends  her  notion  of  the  logical 
outcome  of  Christianity  as  embodied  in  this  attempt  to  conceive  how  Christ  would 
have  acted,  with  whom  He  would  have  fraternised,  and  who  would  have  declined  to 
receive  Him,  had  He  appeared  in  the  present  generation."— Examiner. 
LOST  BEAUTIES  OF  THE  ENGLISH  LANGUAGE:  An 
Appeal  to  Authors,  Poets,  Clergymen,  and  Public  Speakers.     By  Charles 
Mackav,  LL.D.    Crown  8vo,  cloth  extra,  6s.  6d. 
LONDON.— WILKINSON'S  LONDINA  ILLUSTRATA;  or, 
Graphic  and  Historical  Illustrations  of  the  most  Interesting  and  Curious  Archi- 
tectural Monuments  of  the  City  and  Suburbs  of  London  and  Westminster  (now 
mostly  destroyed).     Two  Vols,  imperial  4to,  containing  207  Copperplate  En- 
gravings, with  historical  and  descriptive  Letterpress,  half-bound  morocco,  top 

*t*^An^enumeratio>i  of  a  few  of  the  Plates  will  give  some  idea  of  the  scope  of 
the  Work :— St.  Bartholomew's  Church,  Cloisters,  and  Priory,  in  1393  ;  St.  Michael  s, 
CornhiU,  in  1421 ;  St.  Paul's  Cathedral  and  Cross,  in  1616  and  1656 ;  Sl  John  s  of 
Jerusalem,  Clerkenwell,  1660;  Bunyan's  Meeting  House,  in  1687;  Guildhall,  in 
i5i7  ;  Cheapside  and  its  Cross,  in  1547,  1585,  and  1641 ;  Cornhill,  m  1599  ;  Merchant 
Taylors'  Hall,  in  1599;  Shakespeare's  Globe  Theatre,  in  1612  and  1647 ;  Alleyne  s 

1  ^        _   TV  T««„    :r.  ..^r^n  -inrl  tRt.(  •    I   AVPTlt  iTarrien.  ir 


Circa  : 

Before  1685,  and  in  1804. 

LONGFELLOW'S    PROSE    WORKS,    Complete.  Including 

"Outre  Mer,"  "  Hyperion,"  "  Kavanagh,"  "The  Poets  and  Poetry  of  Europe, 
and  "  Driftwood."    With  Portrait  and  Illustrations  by  Valentine  Bromley. 
800  pages,  crown  8vo,  cloth  gilt,  7i.  6d. 
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LONGFELLOW'S  POETICAL  WORKS.    With  numerous  fine 

Illustrations.    Crown  8vo,  cloth  extra,  gilt,  7^.  dd 
nf  ','l^,°M^'^'l'°7'     ""I  '  Legend,'  has  entered  more  closely  into  the  temper 

fhn^ih  i  ^'  °'  1°°^  ^•"'^       ^^\h  theological  waiter  or  historian, 

though  they  may  have  given  their  hfe's  labour  to  the  analysis.  "—Ruskin 

••u    t^^  nooo'^rably  gained  and  gently  worn.  "Without  comparine  him 

with  others,  It  ,s  enough  if  we  declare  our  conviction  that  he  has  composed  foem" 
KusselTLwIll.'  "'^  '"^'"^  written/' -/ames 

"  Mr.  Longfellow  has  for  many  years  been  the  best  known  and  the  most  read  of 
K?h,fn"         '  P°P"l^>-"y  i=  °f  the  right  kind,  and  rightly  and  fairly  won 

Hi-s  work,  IT"^^^  =t"^«"  t°  «  hy  violence 

almo  t  th.%o™™.  f  ?  'r^  T^?""^^         burlesque  (which  in  these  days  is 


^^HllfrT^R^^^x^^  °^  ILLUSTRIOUS  LITERARY 

loV^w  IJ""^  FAMOUS  Fraser  Portraits.)  With  Notes  bv 

No^  rb^wYI.lrAM  Bates  fi'-i'-  Th'"^','  "'"^  "^'""^  ^^^^"^'-'^ 
TERiSTic  Portrait,  nnt  fitol  P^^^^!  ^-A.    The  volume  contains  83  Charac- 

and  JiTt  edges,  3x.."i.  '°  ^  """"^  ^^'t 

-■n^l^^"'^  most  interesting  volumes  of  this  year's  literature."- 
fromXTa^^^^fr^ortrtliTl^^^^^^^^^^^^^  -^'^^  l^^'  «-ved 

MADRE  NATURA  versus  THE  MOLOCH  OF  FASHION 

brouK™^^:  Ltje^'^ra^i'd  i^^^^ 

"^n^^n^e^fiirM-  ''^^^^  ^^"^"^'1^  °f  the  Original  Docu- 

"feet  wide!  lAfZ"^T'.^r^lL°\'':i'''l'''  paper,  nearly^  feet  long  by 
Colours.    Price  „    A  n^rTr^^ri  !•    '  °-  'h^  Karons  emblazoned  in  Gold  and 
MA  T? TT   mr^r  A  Translation,  with  Notes,  on  a  large  sheet,  6d. 

^SouT^^tlf  futh°of°^°h^T°?^^:    ^-i-^  and  Corrected 

7oopfges,  clofhextratgik  7.  6^  """"^'""^  Illustrations. 

'^T^fsA^;^^I^'l^?,^.p^°^^--THE  ADVENTURES  OF 

with  boys,  for  whom  it  musHnVood  Jh^  ^T''  °°  foubt  be  agreat  favourite 
should  say  that  it  might^e  mostTized  hi  nV?   "^u  '"'^"'i^'^ '  '°  hoys,  we 

"  Will  delight  all  the  lads  wh^  m,       ph'losophers  and  poets."~£:^amme,  . 

Twain  has  writteT  The  humour  L'Z  T  "^'"'^'"^  -"^^  """^  ^-""sing  thing  Mark 
and  sometimes  almost  pa&''l%  °i^S  "  is  always  gInSne, 

•'  A  vf      '  —Standard. 
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MARK  TWAIN'S  PLEASURE  TRIP  on  tlie  CONTINENT 

of  EUROPE.   Post  8vo,  illustrated  boards,  is. 

MARSTON'S  (Dr.  Westland)  DRAMATIC  and  POETICAL 

WORKS.    Collected  Library  Edition,  in  Two  Vols,  crown  8vo,  i8f. 

"  '  The  Patrician's  Daughter  '  is  an  oasis  in  the  desert  of  modern  dramatic  litera- 
ture, a  real  emanation  of  mind.  We  do  not  recollect  any  modern  work  in  which 
states  of  thougbt  are  so  freely  developed,  except  the  '  Torquato  Tasso '  of  Goethe. 
The  play  is  a  work  of  art  in  the  same  sense  that  a  play  of  Sophocles  is  a  work  of  art  ; 
it  is  one  simple  idea  in  a  state  of  gradual  development  .  .  .  The  '  Favourite  of 
Fortune '  is  one  of  the  most  important  additions  to  the  stock  of  English  prose  comedy 
that  has  been  made  during  the  present  century." — Times. 

MARSTON'S  (Philip  Bourke)  SONO  TIDE,  and  other  Poems. 

Second  Edition.    Crown  Bvo,  cloth  e.\tra,  Zs. 

"  This  is  a  first  work  of  extraordinary  performance  and  of  still  more  extraordinary 
promise.  The  youngest  school  of  English  poetry  has  received  an  important  acces- 
sion to  its  ranks  in  Philip  Bourke  Marston." — Examiner. 

MARSTON'S  (P.  B.)  ALL  IN  ALL  :  Poems  and  Sonnets.  Crown 
8vo,  cloth  extra,  8s. 

"  Many  of  these  poems  are  leavened  with  the  leaven  of  genuine  poetical  sentiment, 
and  expressed  with  grace  and  beauty  of  language.  A  tender  melancholy,  as  well  as 
a  penetrating  pathos,  gives  character  to  much  of  their  sentiment,  and  lends  it  an 
irresistible  interest  to  all  who  can  feel." — Standard. 

IiIEYRICK'S  PAINTED  ILLUSTRATIONS   OF  ANCIENT 

ARMS  AND  ARMOUR. :  A  Critical  Inquiry  into  Ancient  Armour  as  it  existed 
in  Europe,  but  particularly  in  England,  from  the  Norman  Conquest  to  the  Reign  of 
Charles  II. ;  with  a  Glossary,  by  Sir  S.  R.  Mevrick.  New  and  greatly  improved 
Edition,  corrected  throughout  by  the  Author,  with  the  assistance  of  Albert  Way 
and  others.  Illustrated  by  more  than  loo  Plates,  splendidly  Illuminated  in  gold 
and  silver  ;  also  an  additional  Plate  of  the  Tournament  of  Locks  and  Keys.  Three 
Vols,  imperial  4to,  half-morocco  extra,  gilt  edges,  £io  los. 

"While  the  splendour  of  the  decorations  of  this  work  is  well  calculated  to  excite 
curiosity,  the  novel  character  of  its  contents,  the  very  curious  extracts  from  the  rare 
MSS.  in  which  it  abounds,  and  the  pleasing  manner  in  which  the  author's  anti- 
quarian researches  are  prosecuted,  will  tempt  many  who  take  up  the  book  in  idleness, 
to  peruse  it  with  care.  No  previous  work  can  be  compared,  in  point  of  extent, 
arrangement,  science,  or  utility,  with  the  one  now  in  question,  ist.  It  for  the  first 
time  supplies,  to  our  schools  of  art,  correct  and  ascertained  data  for  costume,  in  its 
noblest  and  most  important  branch — historical  painting,  and.  It  affords  a  simple, 
clear,  and  most  conclusive  elucidation  of  a  great  number  of  passages  in  our  great 
dramatic  poets — ay,  and  in  the  works  of  those  of  Greece  and  Rome — against  which 
commentators  and  scholiasts  have  been  trying  their  wits  for  centuries.  3rd.  It 
throws  a  flood  of  light  upon  the  manners,  usages,  and  sports  of  our  ancestors,  from 
the  time  of  the  Anglo-Saxons  down  to  the  reign  of  Charles  the  Second.  And  lastly, 
it  at  once  removes  a  vast  number  of  idle  traditions  and  ingenious  fables,  which  one 
compiler  of  history,  copying  from  another,  has  succeeded  in  transmitting  through 
the  lapse  of  four  or  five  hundred  years. 

METRICK'S  ENGRAVED  ILLUSTRATIONS  OF  ANCIENT 

ARMS  AND  ARMOUR.  154  highly  finished  Etchings  of  the  Collection  at 
Goodrich  Court,  Herefordshire,  engraved  by  Josefh  Skelton,  with  Historical 
and  Critical  Disquisitions  by  Sir  S.  R.  Mevrick.  Two  Vols,  imperial  4to,  with 
Portrait,  half-morocco  extra,  gilt  edges,  £4  14s.  6d. 

"We  should  imagine  that  the  possessors  of  Dr.  Meyrick's  former  great  work 
would  eagerly  add  Mr.  Skelton's  as  a  suitable  illustration.  In  the  first  they  have 
the  history  of  Arms  and  Armour ;  in  the  second  work,  beautiful  engravings  of  all 
the  details,  made  out  with  sufficient  minuteness  to  Serve  hereafter  as  patterns  for 
artists  or  workmen." — Gentlevian's  Masazim. 
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MUSES  OF  MAYFAIR  :  Vers  de  Societe  of  the  Nineteenth  Cen- 
Including  Selections  from  Tennyson,  Browninc;.  Swinburne,  Rossetti, 
JEAN  Inghlow,  Locker,  Ingoldsby,  Hood,  Lytton  CSC-  Lanhor  Aii<:xim 
DoBsoN,  Henry  Leigh,  &c.  &c.     Edited  'by  H.  Cholmonmley  P^^^^ 
Crovvn  8vo,  cloth  extra,  gilt,  gilt  edges,  7^.  6d.  '-holmondeley-Pennell. 

LD  DRAMATISTS.    Crown  8vo,  cloth  extra,  with  Vignette 

Portraits,  price  bs.  per  vol. 


  Ben  Jonson's  Works. 

With  Notes,  Critical  and  Explana- 
tory, and  a  Biographical  Memoir  by 
William  Gifford.  Edited  by  Lieut. 
Col.  F.  Cunningham.   Three  Vols. 
Chapman's  (George)  Complete 

Works.  Now  first  Collected.  Three 
Vols.  Vol,  L  contains  the  Plays 
complete,  including  the  doubtful  ones  ; 
Vol.  II.  the  Poems  and  Minor  Trans- 
lations, with  an  Introductory  Essay  by 
Algernon   Charles  Swinburne  ; 

O'SHAUaHNESSY'S  (Arthur] 

other  Poems.    Second  Edition.    Fcap.  8vo,  cloth  extra,  (>s. 

o;SHAXJGHNESSY'S  LAYS  OF  FRANCE.    (Founded  on  the 

Lays  of  Mane.")    Second  Edition.   Crown  8vo,  cloth  extra,  lo^.  6rf. 

O'SHAUGHNESSY'S  MUSIC  AND  MOONLIGHT:  Poems 

and  Songs.    Fcap.  8vo,  cloth  extra,  yj-.  dd. 

"  It  IS  difficult  to  say  which  is  more  exquisite,  the  technical  perfection  of  structure 
and  melody,  or  the  delicate  pathos  of  thought.  Mr.  O'Shaughnessy  will  enrich  oui 
literature  with  some  of  the  very  best  songs  written  in  our  generation."— ^carf^^^ry. 

LUTARCH'S  LIVES,  Complete.    Translated  by  the  Lang- 

hornes.  New  Edition,  with  Medallion  Portraits.  In  Two  Vols.  8vo, 
cloth  extra,  los.  6d. 


Vol.  III.  the  Translations  of  the  Iliad 
and  Odyssey. 

Marlowe's  Works.  Including 

his  Translations.  Edited,  with  Notes 
and  Introduction,  by  Col.  Cunning- 
ham.   One  Vol. 

Massinger's  Plays.  From  the 
Text  of  William  Gifford.  With 
the  addition  of  the  Tragedy  of  "  Be- 
lieve as  You  List."  Edited  by  Col. 
Cunningham.    One  Vol. 

AN  EPIC  OF  WOMEN,  and 


^woRT^i^w^^Jp -^^""^  CHOICE  PROSE  AND  POETICAL 

Ki?o;s,''ciXxtrar7:.'6r  "° 

"  I'oe'.s  great  power Tay  in  writing  tales,  which  rank  in  a  class  by  themselves  and 
have  their  characteristics  strongly  def„:<,d."-Frasers  Magazine!  ^""^ 
sJecU^r     ^  verse.writers  as  Salvator  Rosa  among  painters." 

^PROTT*^r*,^^''^H~.'^?^.  F^^^^  RELIQUES  OF  FATHER 

PROUl.    Collected  and  edited,  from  MSS.  supplied  by  the  family  of  the  Rev 

tet^n^Sie'srt?/^^'^"^'^"  «vrci^th°L^:.fvrti: 

^^::Z:.^^i''2X^i^^'';:f:^T  '°  ^"  "^--^l  genuine 

wr'i'tfr'n'onutjecTwi'thou't  l^^^^^ 

^^i^^tts::!^^^^^ 
.on^oV^iTkt-'^.-r-tes^^^^^^^^ 
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BOOKS  PUBLISHED  BY 


ICOADILLY  NOVELS  (The) :  Popular  Stories  by  the  Best 
1  .w"  .8vo,  carefully  printed  on  creamy  paper,  and  tastefuUy 
bound  in  cloth  for  the  Library,  price  ds.  each. 

WILKIE  COLLINS. 


THE  WOMAN  IN  WHITE 

Illustrated  by  Sir  J.  Gilbert  and 
F.  A.  Fraser. 

ANTONINA.  Illustrated  by  Sir 
J.  Gilbert  and  Alfred  Concanhn. 

BASIL.  Illustrated  by  Sir  John 
Gilbert  and  J.  Mahoney. 

THE  DEAD  SECRET.  Il- 
lustrated by  Sir  John  Gilbert  and 

H.  FURNISS. 

QUEEN  OF  HEARTS.  Il- 
lustrated by  Sir  J.  Gilbert  and  A. 
Concanen. 

THE  MOONSTONE.  Illus- 
trated by  G.  Du  Mauribr  and  F.  A. 
Fraser. 

HIDE  AND  SEEK.  Illus- 
trated by  Sir  John  Gilbert  and  J. 
Mahoney. 

'  Like  all  the  author's  works,  full  of  a 


MAN  AND  WIFE.  Illustrated 

by  William  Small. 

POOR  MISS  FINCH.  Illus- 
trated by  G.  Du  Maurier  and  Ed- 
ward Hughes. 

MISS  OR  MRS.  ?  Illustrated 
by  S.  L.  Fildes  and  Henry  Woods. 

THE  NEW  MAGDALEN. 
Illustrated  by  Du  Maurier  and 
C  S  R 

THE  FROZEN  DEEP.  Illus- 
trated by  Du  Maurier  and  J.  Ma- 
honey. 

MY  MISCELLANIES.  With 

Steel  Portrait,  and  Illustrations  by 
A.  Concanen. 
THE  LAW  and  THE  LADY. 
Illustrated  by  S.  L.  Fildes  and  S. 
Hall. 

certain  power  and  ingenuity.    ...  It 


IS  upon  such  suggestions  of  crime  that  the  fascination  of  the  story  depends.    .    .  . 
The  reader  feels  it  his  duty  to  serve  to  the  end  upon  the  inquest  on  which  he  has 
been  called  by  the  3.Mt\ior."— Times,  in  review  of  "  The  Law  and  the  Lady." 
"  The  greatest  master  the  sensational  novel  has  ever  known."— W^or/oT. 

M.  BETHAM-EDWARDS. 

FELICIA. 

E.  LYNN  LINTON. 

PATRICIA  KEMBALL.    With  Frontispiece  by  Du  Maurier. 

"A  very  clever  and  well-constructed  story,  original  and  striking,  and  interesting 
all  through.    A  novel  abounding  in  thought  and  power  and  interest." — Times. 

"  Displays  genuine  humour,  as  well  as  keen  social  observation.  Enough  graphic 
portraiture  and  witty  observation  to  furnish  materials  for  half-a-dozen  novels  of  the 
ordinary  kind." — Saturday  Review, 

KATHARINE  S.  MACQUOID. 
THE  EVIL  EYE,  AND  OTHER  STORIES.    Illustrated  by 

Thomas  R.  Macquoid  and  Percy  Macquoid. 

"For  Norman  country  life  what  the  'Johnny  Ludlow'  stories  are  for  English 
xural  delineation,  that  is,  cameos  delicately,  if  not  very  minutely  or  vividly  wought, 
and  quite  finished  enough  to  give  a  pleasurable  sense  of  artistic  ease  and  faculty. 
A  word  of  commendation  is  merited  by  the  illustrations." — Academy. 

HENRY  KINGSLEY. 

NUMBER  SEVENTEEN.      |       OAKSHOTT  CASTLE. 

"A  brisk  and  clear  north  wind  of  sentiment — sentiment  that  braces  instead  of 
enervating— blows  through  all  his  works,  and  makes  all  their  readers  at  once  healthier 
and  more  glad." — Spectator, 

FLORENCE  MARRYAT. 

OPEN!  SESAME  !    Illustrated  by  F.  A.  Fraser. 

"  A  story  which  arouses  and  sustains  the  reader's  interest  to  a  higher  degree  than, 
perhaps,  any  of  its  author's  former  works.  ...  A  very  excellent  story, "—Cm/Ajc; 
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Piccadilly  Novels,  continued. 

MRS.  OLIPHANT. 
WHITELADIES.  With  Illustrations  by  A.  Hopkins  &  H.  Woods. 

-Thnef'^  ^  '^^'^'•^^^  ^"'I'  P'«tical  ease  and  grace." 

JAMES  PAYN,  Author  of  "  Lost  Sir  Massingberd." 
THE  BEST  OF  HUSBANDS  I  WALTTr-R'C!    wnliT-.  tii 
Illustrated  by  J.  Mov.  Sm.th.^ |  ^.^^^f  ' 
^^^^"^ES,  and  other  Stories. 

represented  by  Spectator.  ^^^^       Sood  fortune  to  observe  nature 

ANTHONY  TROLLOPE. 

"M  ^"^.^E^^^YWELIVENOW.  WithlUustraHons. 

expressing  English  life,  is  never  guilV  of^raricatre/'-^^^.^^^,,;^  ^S.'^^""* 

T.  A.  TROLLOPE. 

'-n,  ■  f.^^?f°f'^  ^^"^  DIAMOND;  and  other  Stories. 

7«W'  '"definable  charm  of  Tuscan  and  Venetian  life  breathes  in  his  pages."- 

M7^^iufpf5ail'"a'^"lne°'i?'?s"su?e"o"e  "    "    "  ^^^en 

Revieiv.  '       ^  """^^  '°      ^  s<:e°e  worth  painting."-.9«,'„rrfaj. 

JOHN  SAUNDERS,  Author  of  "Abel  Drake's  Wife  " 

yet  Z  inJefe  tSlhTgh  itSli^Tr  ^7^-"^==  -Wch  is 

this  really  clever  sTory  has  beenTt  ".^^  •    "    The  author  of 

rate  conscientiousness,  and  Ae  result  is  frAr  v-'^H'''-  ^"  ''\details  with  elabo- 
habits  of  thought  of  a  hundred  an]' AftryeTrs  a °^  "-"f  °^  ^."<i 
terestingbook."— rjV«?f.  "  "uy  years  ago.    .    .   .    Certainly  a  very  in- 

OUIDA. 

POLLE  PARINE.  PASCAREL  :  Only  a  Story 


IDALIA :  A  Romance. 
CHANDOS :  A  Novel 
UNDER  TWO  FLAGS 
TRICOTRIN. 

CECIL  CASTLEMAINE'S 

GAGE. 

HELD  IN  BONDAGE. 


PUCK :  His  Vicissitudes,  Adven- 
tures, &c. 

A  DOG  OF  FLANDERS 
STRATHMORE. 

^^?ES^^^^^^  WOODEN 
SIGNA. 


rea,y.  t,.  N.^  ^^^"^^^^CoUecte^^  U^ifor,^  EaUion  cfOuuia>, 
IN  A  WINTER  CITY 
n./LfK'^fer^^^^^^  the  beauti- 
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BOOKS  PUBLISHED  BY 


NEW  NOVELS  AT  ALL  THE  LIBRARIES. 
MR.  WILKIE  COLLINS'S  NEW  NOVEL.— Two  Vols,  crown  8vo,  2w. 
^YP^  I5ESTINIES  :  A  Romance.    By  WiLKiE  Collins, 

Author  of    The  Woman  in  White." 

MRS.  LINTON'S  NEW  NOVEL.— Three  Vols,  crown  8vo,  31^.  (d. 

THE  ATONEMENT  OF  LEAM  DUNDAS.     By  E.  Lynn 
Linton,  Author  of  "  Patricia  Kemball,"  &c. 

"Far  above  the  average  of  the  novels  of  the  present  season.  Indeed,  it  may  be 
asserted— and  of  how  few  fictions  can  this  be  said  ?— no  one  who  peruses  it  will  think 
he  has  altogether  wasted  his  time." — AtJienceum. 

"  In  her  narrowness  and  her  depth,  in  her  boundless  loyalty,  her  self-forgetting 
passion,  that  exclusiveness  of  love  which  is  akin  to  cruelty,  and  the  fierce  humility 
which  IS  vicarious  pride,  Leam  Dundas  is  a  striking  figure.  In  one  quality  the 
authoress  has  m  some  measure  surpassed  herself."— Mall  Gazette. 

Sad  and  tragic,  and  wonderfully  pathetic.  Mrs.  Lynn  Linton  has  again  proved 
herself  a  powerful  writer,  and  this  novel  is  perhaps  more  forcibly  conceived,  more 
.carefully  wrought  out,  and  more  perfectly  finished,  than  any  of  her  preceding 
works.  '—Literary  World.  1-  a 

NEW  NOVEL  BY  DR.  SANDWITH,  OF  KARS.-Three  Vols.  cr.  8vo,  3ij.  6^f. 

MINSTERBOROTJGH  :  A  Tale  of  English  Life.    By  Humphry 
Sandwith,  C.B.,  D.C.L. 

■"  It  is  a  long  time  since  we  have  read  anything  so  refreshing  as  the  novel  to  the 
coniposition  of  which  Mr.  Sandwith  has  been  devoting  such  time  and  labour  as 
■could  be  spared  from  the  more  serious  duties  of  an  apostle  of  Democracy  and  clean 
water.  Everything  in  the  book  is  so  delightfully  straightforward.  We  are  never 
bothered  with  subtle  analysis  of  character,  or  with  dark  suggestions  that  things  are 
other  than  they  seem.    .    .    .    The  story  is  not  at  all  badly  to\&."—Athen<eum. 

JEAN  MIDDLEMASS'S  NEW  NOVEL.— Three  Vols,  crown  8vo,  31^.  6rf. 

Mr.  DORILLION  :  A  Novel.    By  Jean  Middlemass,  Author  of 
"WildGeorgie,"  "Lil,"&c. 

A  NEW  WRITER  Three  Vols,  crown  Svo,  3ij.  ed. 

X)EMOCRACY  (THE)  :  A  Novel.    By  Whyte  Thorne. 

"A  very  careful,  and  in  many  respects  very  praiseworthy,  story. " — Saturday  Review. 

"  It  is  always  difficult  for  anyone  not  personally  concerned  in  English  politics  to 
•write  about  them  without  making  serious  blunders  ;  but  the  author  of  the  novel 
■before  us  keeps  clear  of  error,  and  writes  pleasantly  enough." — At/ieiueiun. 

NEW  NOVELS  IN  THE  PRESS. 
MRS.  MACQUOID'S  NEW  NOVEL.— 3  vols,  crown  Svo,  3ij. 
XOST  ROSE ;  and  other  Stories.    By  Katharine  S.  Macquoid. 

T.  A.  TROLLOPE'S  NEW  NOVEL.-3  vols,  crown  Svo,  31^.  6d. 

A  FAMILY  PARTY  IN  THE  PIAZZA  OF  ST.  PETER'S, 

and  other  Stories.    By  T.  Adolphus  Trollopb. 

NEW  NOVEL  BY  JAMES  GREENWOOD.— 3  vols,  crown  Svo,  31^.  6d. 

I>ICK  TEMPLE.    By  James  Greenwood. 


PURSUIVANT  OF  ARMS  (The) ;  or,  Heraldry  founded  upon 
Facts.  A  Popular  Guide  to  the  Science  of  Heraldry.  By  J.  R.  Planch^,  Esq., 
Somerset  Herald.  To  which  are  added.  Essays  on  the  Badges  of  the  Houses 
.OF  Lancaster  and  York.  With  Coloured  Frontispiece,  five  full-page  Plates, 
and  about  200  Illustrations.    Crown  Svo,  cloth  extra,  gilt,  7^-.  6d, 
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PUGIN'S  ARCHITECTURAL 
Apology  for  the  Revival  of 

Christian  Architecture.  Illustrated  by 
lo  large  Etchings.  Small  410,  cloth 
e.\tra,  $s. 

Examples  of  Gothic  Archi- 
tecture, selected  from  Ancient  Edi- 
fices in  England.  225  fine  Engrav- 
ings by  Lk  Keux,  with  descriptive 
Letterpressby  E.  J.  WiLLsoN.  Three 
Vols.  4to,  half-morocco,  gilt  back 
A3  13^.  dd. 

Floriated  Ornaments.  31  Plates 

handsomely  printed  in  Gold  and 
Colours,  with  introductory  Letter- 
press, royal  4to,  half-morocco,  16^. 


WORKS 
Gothic  Ornaments.    90  Plates, 

^c.J<  others'. 
Koyal  4to,  half-morocco,  i6j-. 

Ornamental  Timber  Gables- 

30  Plates.  Royal  4to,half-mor..  i8j 

Specimens  of  Gothic  Architec- 
ture from  Ancient  Edifices  in  Eng- 
land. 114  Outline  Plates  bv  Le  Keux 
and  others.  With  descriptive  Letter- 
press and  Glossary  by  E.J.  WiLLsoN. 
Two  Vols.  4to,  half-mor.,V^i  i6j 

True  Principles  of  Pointed  or 

Christian  Architecture.  With  87  Illus- 
trations.   Small  4to,  loj.  td. 


ABELAIS'  WORKS.    Faithfully  translated  frnm  fl,»  t  1 

British  Museum^  By  Thomas  Wright  M  l^''Th^'r™       ^  '^1 

History  of  his  Caricatures,  and  the  Kev  tn  th^;.  m      •  ,     ■'"'^^  The 

full-page  Plates  and  Wood  Engravings  DeL  .to°''H;^t,^^"'' ""'"^^''^ 
edges,  31S.  6d.  ^  avings.     Uemy  4to,  cloth  e.\tra,  gilt  and  gilt 

Un /'reparation. 

^TORlSflfpECT®  w>".'^  °^  COOKERY  IN  ITS  HIS- 

  Crown  4to%to'hi?a,  ^if  "'"^  I""strations^by  the  At;?„ol 

noto'ii'fh'fg-rouLT^fl^^^ 

rather.ashamed  of  the  technicfl  aspect  of  his  nroS^-  '  seems  to  be 

as  to  us  details,  but  because  it  ^ma ins  a  ud?lccrnt^of^h  '^°"""<="dably  reticen? 
celebres  from  the  time  of  Louis  XIV.  to  a  period  wiTn  fbV     ""^  "i""'^''^ 
I'ving.        .    .    The  Memoirs,  if  not  particuTilvrstrnr^^^^^^^ 

e.Ktremelyentertaining."-Zl«,7j,  r^/^!,^//"  '^=1"  scarcely  fail  to  be 

SHAKESPEARE.-THE  LANSDOWNE  TrnrrrT^nvT 

fully  printed  in  red  and  black,  in  small  but  verrrlf  /^^^^f'  ^^^Uti. 
engraved  facsimile  of  Droeshout's  Portrait  and       ^     "".-'/P^o  8vo.  with 

Stothard.  cloth  extra,  gilt,  gilt  edges  18,  P'^tes,  aft^" 

SHAKESPEARE,  THE  SCHOOT  niP    t  i 
Death  of  Captain  TUom^LkS^^^t  ^le.  [iff    '2^  Life  and 

Prodigal  Son,"  &c. 


mastix;"  "The  Prod'itril  Snn  ■''ir.r-'V  i-  V'^  C°bl'ler's  Ko"phef^^-"'^J^w!i?'-°'^ 
R.  Simpson  Auth'r'o?!-  i^'inf^Sd^.^it^f  ■  X'  4"^^'"'=;'°"^  -^"^  No"^  f  by 
Sonnets."    Two  Vols,  crown  8vo,  cToth  extra  ^l»'«=ophy  of  Shakespeare^ 

[/><  i/ie  Press 
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BOOKS  PUBLISHED  BY 


SHAKESPEAEE.— THE  FIRST  FOLIO.  Mr.  William  Shake. 

speahe's  Comedies,  Histories,  and  Tragedies.    Published  according  to  the  true 
Original  Copies.     London,  Printed  by  Isaac  Iaggard  and  Ed.  Blount, 
1623.— An  exact  Reproduction  of  the  extremely  rare  Original,  in  reduced  facsimile 
by  a  photographic  process — ensuring  the   strictest  accuracy  in  every  detail. 
Small  8vo,  hf.-Roxburghe,ioj.  bd.  A  full  Prospectus  willbe  sentupoti  application. 
"To  Messrs.  Chatto  &  Windus  belongs  the  merit  of  having  done  more  to 
facilitate  the  critical  study  of  the  text  of  our  great  dramatist  than  all  the  Shakespeare 
clubs  and  societies  put  together.    A  complete  facsimile  of  the  celebrated  First  Folio 
edition  of  1623  for  half-a-guinea  is  at  once  a  miracle  of  cheapness  and  enterprise. 
Being  in  a  reduced  form,  the  type  is  necessarily  rather  diminutive,  but  it  is  as 
distinct  as  in  a  genuine  copy  of  the  original,  and  will  be  found  to  be  as  useful  and  far 
more  handy  to  the  student  than  the  latter." — Athenceum. 

"  SECRET  OUT "  SERIES.    Crown  8vo,  cloth  extra,  profusely 
Illustrated,  price  4^.  6d.  each. 


Art  of  Amusing :    A  Collection 

of  Graceful  Arts,  Games,  Tricks, 
Puzzles,  and  Charades.  By  Frank 
Bellew.   300  Illustrations. 

Hanky-Panky:  Very  Easy  Tricks, 

Very  Difficult  Tricks,  White  Magic, 
Sleight  of  Hand.  Edited  by  W.  H. 
Cremer.  200  Illustrations. 

Magician's  Own  Book:  Perform- 
ances with  Cups  and  Balls,  Eggs, 
Hats,  Handkerchiefs,  &c.  All  from 
Actual  Experience.  Edited  by  W.  H. 
Cremer.   200  Illustrations. 


Magic  no  Mystery :  Tricks  with 

Cards,  Dice,  Balls,  &c.,  with  fully 
descriptive  Directions ;  the  Art  of 
Secret  Writing  ;  the  Training  of  Per- 
forming Animals,  &c.  With  Coloured 
Frontispiece  and  numerous  Illusts. 

Merry  Circle  (The)  :  A  Book 

of  Newlntellectual  Games  andAmuse- 
ments.  By  Clara  Bellew.  Numerou 
Illustrations. 

Secret  Out :     One  Thousand 

Tricks  with  Cards,  and  other  Recrea- 
tions ;  with  entertaining  Experiments 
in  Drawing-room  or  "  White  Magic." 
By  W.  H.  Cremer.  300  Engravings. 


SHAW'S  ILLUMINATED  WORKS  :— 

Ancient  Furniture,  drawn  from  Illuminated.  Ornaments  of  the 

existing  Authorities.    With  Descrip-  Middle  Ages,  from  the  Sixth  to  the 

tions  by  Sir  S.  R.  Mevrick.    4to,  74  Seventeenth  Century.    Selected  from 

Plates,  half-raorocco,  ;£i  Hi.  6i^.;  or.  Missals,    MSS.,  and  early  printed 

with  some  Plates  Coloured,  410,  half-  Books.  ■    6  Plates,  carefully  coloured 

morocco,;{;2  2J. ;  Large  Paper  copies,  from  the  Originals,  with  Descriptions 

impl.  4to,  all  the  Plates  extra  finished  by    Sir    F.    Madden,    Keeper  of 

in  opaque  Colours,  half-morocco  extra,  MSS.,   Brit.  Mus.     4to,  half-Rox- 

£a  IAS.  6d.  burghe,  £3  13s.  6d. ;  Large  Paper 

Dresses  anclDecorations  Of  the  ^^^^^^^S.^ 

Middle  Ages,  from  the  Seventh  to  the  ^j^j^  q^j^    imperial  4to,  half-Rox- 

Seventeenth  Centuries.     94  Plates,  burghe  £7  js 

beautifully  Coloured,  a  profusion  of  i.  1  -nir  a  1  -m-    i  a 

Initial  Letters,  and  Examples  of  Ornamental  Metal  Work :  A 

Curious  Ornament,  with  Historical  Series  of  50  Copperplates,  several 

Introduction  and  Descriptive  Text.  Coloured.  4to,  half-morocco,  i8j. 

Two  Vols,  imperial  8vo,  half-Rox-  Encyclopsedia  of  Ornament. 

burghe,  .£5  ss.  Select  Examples  from  the  purest  and 

Luton  Chapel :  A  Series  of  20  best  Specimens  of  all  kinds  and  all 

highly-finished  Line  Engravings  of  Ages.  4to,  59  Plates,  half-morocco, 

Gothic  Architecture  and  Ornaments.  £-lt.s.  ,  Large  Paper  copies,  imperial 

Imperial   folio,  India  Proofs,  half-  4to,  with  all  the  Plates  Coloured, 

morocco,  £2  Zs.  half-morocco,  £2  xis.  6J. 

SHAW  AND  BRIDGENS'  DESIGNS  FOR  FURNITURE, 

with  Candelabra  and  Interior  Decoration.  60  Plates,  royal  4to,  half-morocco, 
£1  IS. ;  Large  Paper,  imperial  410,  the  Plates  Coloured,  half-morocco,  6a  Ss. 
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SHERIDAN'S  COMPLETE  WORKS,  with  Life  and  Anecdotes. 

Including  his  Dramatic  Writings,  printed  from  the  Original  Editions,  his  Works 
in  Prose  and  Poetry,  Translations,  Speeches,  Jokes,  Puns,  &c. ;  with  a  Collection 
of  Sheridaniana.  Crown  8vo,  cloth  extra,  gilt,  with  10  full-page  Tinted  Illustra- 
tions, -js.  6(i. 

"  Whatever  Sheridan  has  done,  has  been,  par  excellence,  always  the  best  of  its 
kind.  He  has  written  the  best  comedy  (School  for  Scandal),  the  drama  (the 
Duenna),  the  best  farce  (the  Critic),  and  the  best  address  (Monologue  on  Garrick)  ; 
and,  to  crown  all,  delivered  the  very  best  oration  (the  famous  Begum  Speech)  ever 
conceived  or  heard  in  this  country." — Bvkon. 

"The  editor  has  brought  together  within  a  manageable  compass  not  only  the 
seven  plays  by  which  Sheridan  is  best  known,  but  a  collection  also  of  his  poetical 
pieces  which  are  less  familiar  to  the  public,  sketches  of  unfinished  dramas,  selections 
from  his  reported  witticisms,  and  extracts  from  his  principal  speeches.  To  these  is 
prefixed  a  short  but  well-written  memoir,  giving  the  chief  facts  in  Sheridan's  literary 
and  political  career ;  so  that  with  this  volume  in  his  hand,  the  student  may  consider 
himself  tolerably  well  furnished  with  all  that  is  necessary  for  a  general  compre- 
hension of  the  subject  of  it." — Pall  Mall  Gazette. 

SILVESTRE'S  UNIVERSAL  P ALiEIO GRAPH Y;  or,  A  Collec 
tion  of  Facsimiles  of  the  Writings  of  every  Age.  Containing  upwards  of  300  large 
and  beautifully  executed  Facsimiles,  taken  from  Missals  and  other  MSS.,  richly 
Illuminated  in  the  finest  style  of  art.  A  New  Edition,  arranged  under  the  direc- 
tion of  Sir  F.  Madden,  Keeper  of  MSS.,  Brit  Mus.  Two  Vols,  atlas  folio,  half- 
morocco,  gilt,  £-^1.  lof. 

"  This  great  work  contains  upwards  of  three  hundred  large  and  beautifully 
executed  facsimiles  of  the  finest  and  most  interesting  MSS.  of  various  ages  and 
.^""""in^'ed  in  the  highest  style  of  art.  The  cost  of  getting  up  this  splendid 
pubhcation  was  not  far  from  ;^2o,ooo." — Allibone's  Dictionary. 

"  The  great  work  on  Palaeography  generally — one  of  the  most  sumptuous  works 
of  Its  class  ever  published." — Chambers's Etuyclopadia. 

\''  Also,  a  Volume  of  Historical  and  Descriptive  Letterpress,  byCHAM- 
POLLiON  FiGEAC  and  Champolhon,  Jun.  Translated,  with  Additions,  by  Sir  F. 
Madden.   Two  Vols,  royal  8vo,  half-morocco,  gilt,  £z  Ss. 

SIGNBOARDS :  Their  History.  With  Anecdotes  of  Famous  Ta- 
verns and  Remarkable  Characters.  By  Jacob  Larvvood  and  John  Camdkn 
HoTTEN.  With  nearly  loo  Illustrations.  Seventh  Edition.  Crown  8vo, 
cloth  extra,  ^s.  6d. 

"Even  if  we  were  ever  so  maliciously  inclined,  we  could  not  pick  out  all  Messrs. 
Larwood  and  Hotten's  plums,  because  the  good  things  are  so  numerous  as  to  defy 
the  most  wholesale  depredation."— 7"^  Times. 

SLANG  DICTIONARY  (The):  Etymological,  Historical,  and 
Anecdotal.  An  Entirely  New  Edition,  revised  throughout,  and  considerably 
Enlarged.   Crown  8vo,  cloth  extra,  gilt,  6s.  6d. 

"We  are  glad  to  see  the  Slang  Dictionary  reprinted  and  enlarged.  From  a  high 
scientific  point  of  view  this  book  is  not  to  be  despised.  Of  course  it  cannot  fail  to 
be  amusing  also.  It  contains  the  very  vocabulary  of  unrestrained  humour,  and 
oddity,  and  grotesqueness.  In  a  word,  it  provides  valuable  material  both  for  the 
student  of  language  and  the  student  of  human  nature." — Academy. 

"  In  every  way  a  great  improvement  on  the  edition  of  1864.  Its  uses  as  a  dictionary 
of  the  very  vulgar  tongue  do  not  require  to  be  explained."— iVato  and  Queries. 

"Compiled  with  most  exacting  care,  and  based  on  the  hestauthorities."—Standard, 

SMITH'S  HISTORICAL  AND  LITERARY  CURIOSITIES  : 

Containing  Facsimiles  of  Autographs,  Scenes  of  Remarkable  Events,  Interesting 
Localities,  Old  Houses,  Portraits,  Illuminated  and  Missal  Ornaments,  Antiquities 
&c.   4to,  with  100  Plates  (some  Illuminated),  half-morocco  extra,  £3  ss.  ' 

SMOKER'S  TEXT-BOOK.  By  J,  Hamer,  F.R.S.L.  Exquisitely 
printed  from  "silver-faced"  type,  cloth,  very  neat,  gilt  edges,  2s.  6d, 
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SOWERBY'S  MANUAL   OF  CONCHOLOGY:  A  Complete 

Introduction  to  the  Science.  Illustrated  by  upwards  of  650  etched  Figures  of 
Shells  and  numerous  Woodcuts.  With  copious  Explanations,  Tables,  Glossary, 
&c.  8vo,  cloth  extra,  gilt,  15^.  ;  or,  the  Plates  beautifully  Coloured,  £,1  8j. 
"  Sowerby  has  illustrated  the  conchological  system  of  Lamarck  in  a  very  useful 
nnd  popular  manner ;  and  has  not  only  suggested  many  judicious  improvements,  but 
has  defined  several  new  genera  with  judgment  and  precision."— Swainson. 

STEDMAN'S    (Edmund  Clarence)    VICTORIAN  POETS: 

Critical  Essays.    Crown  8vo,  cloth  extra,  g^. 

"The  book  is,  on  the  whole,  generous  and  enlightened,  and  bears  the  stamp  of 
unfailing  honesty.  .  .  .  Mr.  Stedman  has  notapproached  his  task  in  a  light  spirit, 
nor  without  the  preparation  of  due  pains  and  culture."— /3carf«wj/. 

"  We  ought  to  be  thankful  to  those  who  do  critical  work  with  competent  skill 
and  understanding,  with  honesty  of  purpose,  and  with  diligence  and  thoroughness 
of  execution.  And  Mr.  Stedman,  having  chosen  to  work  in  this  line,  deserves  the 
thanks  of  English  scholars  by  these  qualities  and  by  something  more  ;  .  .  .  . 
he  is  faithful,  studious,  and  Saturday  Review. 

STOTHARD'S    MONUMENTAL    EFFIGIES    OF  GREAT 

BRITAIN,  from  William  I.  to  Henry  VIII.,  selected  from  our  Cathedrals  and 
Churches.      With  Historical  Description  and  Introduction,  by  John  Kempe, 
F  S.A.    A  New  Edition,  with  a  large  body  of  Additional  Notes  by  John 
Hewitt.    Imperial  4to,  containing  150  beautifully  finished  full-page  Engravings 
and  Nine  Vignettes,  all  Tinted,  and  seme  Illuminated  in  Gold  and  Colours,  half- 
morocco,  £<)  9s.  ;  Large  Paper,  royal  folio,  with  all  the  coats  of  arms  illuminated 
in  gold  and  colours,  and  the  plates  very  carefully  finished  in  body-colours, 
heightened  with  gold  in  the  very  finest  style,  half-morocco,    15  15^. 
"No  English  library  should  be  without  this  unique  and  important  publication. 
Charles  Stothard  is  the  model  which  every  antiquarian  artist  must  follow  if  he  wishes 
to  excel     His  pencil  was  always  guided  by  his  mind,  and  we  may  safely  assert  that 
no  one  ever  united  equal  accuracy  and  {^eUvciz." —Quarterly  Review. 

••  It  is  only  in  the  beautiful  work  onMonumental  Effigies,  by  Stothard,  that  every- 
thing has  been  done  which  fidelity  and  taste  could  effect."— Shaw. 

STOWS  SURVEY  OF  LONDON.    Edited  by  W.  J.  Thoms, 

F.S.A.  A  New  Edition,  with  Copperplate  Illustrations,  large  8vo,  half-Rox- 
burghe,  price  gi. 

"  Carefully  reprodaced."— Quarterly  Review. 

STRUTT'S  DRESS  AND  HABITS  OF  THE  PEOPLE  OF 

ENGLAND  from  the  Establishment  of  the  Saxons  in  Britain  to  the  Present  Time. 
With  an  Historical  Inquiry  into  every  branch  of  Costume,  Ancient  and  Modem. 
New  Edition,  with  Explanatory  Notes  by  J.  R.  Planch^,  Somerset  Herald.  Two 
Vols,  royal  4to,  with  153  Engravings  from  the  most  AuthenUc  Sources,  beauU- 
fuUv  Coloured,  half-Roxburghe,  £6  6s.  ;  or  the  Plates  splendidly  Illuminated 
in  Silver  and  Opaque  Colours,  in  the  Missal  style,  half-Roxburghe,  £15  iSJ. 

STRUTT'S  SPORTS  AND  PASTIMES  OF  THE  PEOPLE 

OF  ENGLAND  ;  including  the  Rural  and  Domestic  Recreations,  May  Games, 
Mummeries,  Shows,  Processions,  Pageants,  and  Pompous  Spectacles  from  the 
Eariiest  Period  to  the  Present  Time.  With  140  Illustrations.  Edited  by 
William  Hone.  Crown  8vo,  cloth  extra,  7^-  6rf.-A  few  Large  Pai-er 
Copies  uniform  with  the  "  Dresses,"  with  an  extra  set  of  Copperplate  Illustra- 
tions, carefully  Coloured  by  hand,  from  the  Originals,  501. 

"The  amusing  pages  of  Strutt  entitle  his  memory  to  great  respect;  and.borrow- 
ine  the  idea  of  Dr.  Johnson,  I  will  boldly  affirm  that  he  who  wishes  to  be  informed 
of  the  curious  and  interesting  details  connected  with  .-Ancient  Manners  and  Customs, 
Costumes,  Regal  and  Ecclesiastical  Antiquities,  must  devote  his  days  and  lusmghU 
to  the  volumes  of  Strutt."— Z^jW/wV  Decameron. 


CHATTO       WINDUS,  PICCADILLY. 


29 


STRUTT'S  REGAL  AND  ECCLESIASTICAL  ANTIQUITIES 

OF  ENGLAND  :  Authentic  Representations  of  all  the  English  Monaichs,  from 
Edward  the  Confessor  to  Henry  the  Eighth  ;  with  many  Great  Personages  eminent 
under  their  several  Reigns.  New  Edition,  with  critical  Notes  by  J.  R.  Planch^, 
Somerset  Herald.  Royal  4to,  with  72  Engravings  from  Manuscripts,  Monu- 
ments, &c. ,  beautifully  Coloured,  half-Roxburghe,  £-i  is. ;  or  the  Plates  splendidly 
Illuminated  in  Gold  and  Colours,  half-morocco,  ;^io  loi. 

MR.  SWINBURNE'S  NEW  POEM. 

ERECHTHEUS :  A  Tragedy.    By  Algernon  Charles  Swin- 
burne.   Second  Edition.   Crown  8vo,  cloth  extra,  6s. 

"The  easy  sweep  of  his  flowing  verse  suggests  anything  rather  than  the  idea  of 
effort.  Nor  have  we  ever  seen  him  stronger  than  in  this  poem  of  Erechtheus. 
while  no  one  can  say.  as  they  are  borne  along  with  his  melodious  numbers,  that  he 
has  been  betrayed  into  sacrificing  meaning  to  sound.  He  seems  to  have  caught 
the  enthusiasm  of  a  congenial  subject  ;  to  have  been  carried  back  to  the  spirit  of  an 
heroic  age,  to  have  fired  his  fancy  with  the  thoughts  and  sensations  that  might  have 
animated  the  soul  of  a  god-born  Athenian  in  the  supreme  crisis  of  his  country's 
fate.  .  .  .  Never  before  has  Mr.  Swinburne  shown  himself  more  masterly  in  his 
choruses  ;  magnificent  in  their  fire  and  spirit,  they  have  more  than  the  usual  graces 
of  diction  and  smoothness  of  melody.  .  .  .  The  bey  proof  of  the  winning  beauty  of 
these  choruses  is  the  extreme  reluctance  with  which  you  bring  yourself  to  a  pause 
in  the  course  of  quotation.  You  feel  it  almost  sacrilegious  to  detach  the  gems,  and 
it  is  with  a  sense  of  your  ruthless  Vandalism  that  you  shatter  the  artist's  setting." 
— Edinburgh  Review,  July,  1876. 

MR.  SWINBURNE'S  OTHER  WORKS. 


Queen  Mother  and  Rosamond. 

Fcap.  8vo,  5^. 

Atalanta  in  Calydon.    A  New- 
Edition.   Crown  8vo,  (>s. 
Chastelard  :  A  Tragedy.  Fcap. 

8vo,  7i. 

Poems  and  BaUads.  Fcap. 

8vo,  9^. 

Notes  on"  Poems andBallads." 

8vo,  li. 

Essays  and  Studies.  Crown 

8V0, 


Songs  before  Sunrise.  Crown 

8vo,  xos.  6d. 

Bothwell:    A  Tragedy.  Two 

Vols,  crown  8vo,  12s.  6d. 

George  Chapman:   An  Essay, 

Crown  8vo,  7^-. 

Songs  of  two  Nations :  DiryE, 
A  Song  of  Italy,  Ode  on  thb 
French  Republic.    Crown  8vo,6j. 

William  Blake  :     A  Critical 

Essay.     With  Facsimile  Paintings, 
Coloured  by  Hand,  after  Drawings  by 
13LAKE  and  his  Wife.  Demy  Bvo,  \6s 
Also, 

Rossetti's  (W.  M.)  Criticism  upon  Swinburne's  "  Poems  and 

Ballads."    Fcap.  8vo,  cloth  extra,  ^s.  6d. 
SWIFT'S  CHOICE  WORKS,  in  Prose  and  Verse.    With  Memoir 
Portrait,  and  Facsimiles  of  the  Maps  in  the  Original  Edition  of  "  Gulliver's 
Travels."   Crown  8vo,  cloth  extra,  gilt,  7J.  6d. 

'1^,'^?  t.'^^'^     ?■  '^'"^  '  apprehension,  the  masterpiece  of  Swift ;  certainly 

Rabelais  has  nothmg  superior,  even  m  invention,  nor  anything  so  condensed  so 
pointed,  so  full  of  real  meaning,  of  biting  satire,  of  felicitous  analogy.  The  '  Battle 
of  the  Books'  is  such  an  improvement  of  the  similar  combat  in  the  Lutrin  that  we 
can  hardly  own  it  as  an  imitation." — Hallam. 

"  In  humour  and  in  irony,  and  in  the  talent  of  debasing  and  defiling  what  he  hated 
we  join  with  the  world  ui  thinking  the  Dean  ef  St.  Patrick's  without  a  rival  "—Lord 
Jeffrey:  a^vku 

"  Swift's  reputaUon  as  a  poet  has  been  in  a  manner  obscured  by  the  greater  splen- 
dour, by  the  natural  force  and  inventive  genius,  of  his  prose  writings  •  but  if  hehnd 
never  written  either  the  '  Tale  of  a  Tub'  or  '  Gulliver's  Travels,' his  naike  mlrdy 
as  a  poet  would  have  come  down  to  us,  and  have  gone  down  to  posterity  with  well- 
earned  honours.  — Hazlitt.  ■" 
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SYNTAX'S  (Dr.)  THREE  TOURS,  in  Search  of  the  Picturesque, 

in  Search  of  Consolation,  and  in  Search  of  a  Wife.  With  the  whole  of  Rowlakd- 
son's  droll  full-page  Illustrations,  in  Colours,  and  Life  of  the  Author  by  J.  I-. 
HoTTHN.    Medium  8vo,  cloth  extra,  gilt,  7^.  (>d. 

Iw^HOMSON'S  SEASONS,  and  CASTLE  of  INDOLENCE. 

With  a  Biographical  and  Critical  Introduction  by  Allan  Cunningham, 
and  over  50  fine  Illustrations  on  Steel  and  Wood.    Crown  8vo,  cloth 
'  '    extra,  gilt,  ^s.  bd. 

THACKERAYANA  :  Notes  and  Anecdotes.  Illustrated  by  a  pro- 
fusion of  Sketches  by  William  Makepeace  Thackeray,  depicting  Humorous 
Incidents  in  his  School-life,  and  Favourite  Characters  m  the  books  of  his  every- 
day reading.  Large  post  8vo,  with  Hundreds  of  Wood  Engravings  and  Five 
Coloured  Plates,  from  Mr.  Thackeray's  Original  Drawings,  cloth,  fuU  gUt,  gUt 

'°It  wouldliave  been  a  real  loss  to  bibliographical  literature  had  copyright  difficult 
ties  deprived  the  general  public  of  this  very  amusing  collection.  One  of  Thackeray  s 
habits  from  his  schoolboy  days,  was  to  ornament  the  margms  and  blank  pages  oi  t  he 
books  he  had  in  use  with  caricature  illustrations  of  theu:  contents.  Itus  gave 
special  value  to  the  sale  of  his  library,  and  is  almost  cause  for  regret  that  it  could  not 
have  been  preserved  in  its  integrity.  Thackeray's  place  in  literature  is  emment 
enough  to  have  made  this  an  interest  to  future  generations.  The  anonymous 
editor  has  done  the  best  that  he  could  to  compensate  for  the  lack  of  this.  He  has 
obtained  access  to  the  principal  works  thus  dispersed,  and  he  speaks,  not  only  of  the 
readiness  with  which  their  possessors  complied  with  his  request,  but  of  the  abundance 
of  the  material  spontaneously  proffered  to  him.  He  has  thus  been  able  to  re- 
produce in  facsimile  the  five  or  SIX  hundred  sketches  of  this  volume.  They  differ 
of  course  not  only  in  cleverness  but  in  firash  ;  but  they  unquestionably  establish 
Thackeray's  capabiUty  of  becoming,  if  not  an  eminent  artist,  yet  a  great  cancatunst. 
A  grotesque  fancy,  an  artistic  touch,  and  a  power  of  reproducmg  unmistakable  por- 
traits in  comic  exaggerations,  as  well  as  of  embodying  ludicrous  ideas  pictonally, 
maki  the  book  very  amusing.  Still  more  valuable  is  the  descriptive,  biographical, 
and  anecdotal  letterpress,  which  gives  us  a  great  accumulation  of  biograpluca^^ 
mation  concerning  Thackeray's  works,  reading,  history,  and  habits.  Without  bemg 
rformaf  biography,  it  tells  us  scores  of  things  that  could  scarcely  have  come  into 
anv™osraphy.  We  have  no  clue  to  the  sources  of  informauon  possessed  by  the 
editor  Apparently  he  has  been  a  most  diligent  student  of  his  hero,  and  an  m- 
defatikable  collector  of  scraps  of  information  concerning  his  enture  hterary  career 
wfcan  testify  only  to  the  great  interest  of  the  book,  and  to  the  vast  amount  of  cunous 
infomation  4ich  it  contains.  We  regret  that  it  has  been  published  without  the 
sanction  of  his  family,  but  no  admirer  of  Thackeray  should  be  without  it  .  It  is  an 
idmirable  addendum,  not  only  to  his  collected  works,  but  also  to  any  memou:  ofhun 
?haT  has  been  or  tha  is  likely  to  be,  written. »-5rjV«/z  Quarterly  -Rf^^"-  , 

raORNBURY'S  (Walter)  HISTORICAL  AND  LEGENDARY 

T!  ALLADS  AND  SONGS.  Illustrated  by  J.  Whistler,  John  Tenniel,  A.  Y . 
SANDYtw.  Small,  M.  J.  Lawless,  J.  D.Vatson,  G.  J.  Pinwell,  F- Walker, 
T^T  MacQUoid,  and  others.     Handsomely  printed,  crown  4to,  cloth  extra, 

^MrTh^mw'has"perceived  with  laudable  clearness  that  one  great  requisite 
of  poe^r,  is  thatYshould  amuse.  He  rivalsGoethe  in  the  variety  and  startling  m- 
ciden^  of  h  s  ballad-romances;  heis  full  of  vivacity  and  spint,  and  his  least  im- 
mss°oned  pieces  ring  with  a  good  out-of-doors  music  of  sword  and  shield.  Some 
of  h  s  medixval  poems  are  particularly  rich  in  colour  and  tone  ;  the  '  Lady  Wtch 
•TohnTf  Padua,'  and,  above  all,  'The  Jester's  Moral,'  are  admirable  csbmet 
nTctures  The  old  Norse  ballads,  too,  are  worthy  of  great  praise  .Best  of  all,  how- 
eve"  we  like  his  Cavalier  songs  ;  there  is  nothing  of  the  kind  in  Enghsh  more 
spirited,  masculine,  and  m^xxy:'—Acade7ny.  grateful  that 

"  Will  be  welcomed  by  all  true  lovers  of  art.  .  .  We  must  be  gratelul  tnai 
so  many  works  of  a  school  distinguished  for  its  originaHty  should  be  collected  mto 

•  The  death  of  King  Warwolf '  ?-and  who  needs  to  be  told  that  the  illustrations  are 
above  prke  when  they  are  by  such  men  as  Tenniel,  Sandys,  "^Vhistler,  and  the 
lamrated  Fred  Walker  ?  The  book  is  beautifully  got  up."-Mor,iw^Posi. 


CHATTO       WIND  US,  PICCADILLY. 


TOURNEUR'S   (OyrU)  COLLECTED  WORKS,   including  a 

unique  Poem,  entitled  "  The  Transformed  Metamorphosis  ; "  and  "  Laugh  and  Lie 
Down  ;  or,  The  World's  Folly. "  Now  first  Collected  and  Edited,  with  Critical 
Preface,  Introductions,  and  copious  Notes,  by  J.  Churton  Collins.   Post  8vo 
cloth  e.\tra,  price  loj.  6d.  [/„ 

TURNER'S  {J.  M.  W.)  LIFE  AND  CORRESPONDENCE. 

Founded  upon  Letters  and  Papers  furnished  by  his  Friends  and  Fellow-Academi'- 
cians.  By  Walter  Thorneury.  A  New  Edition,  entirely  rewritten  and  con- 
siderably enlarged.    With  numerous  Illustrations.  [/«  thepress 

TURNER  GALLERY  (The)  :  A  Series  of  Sixty  Engravings  from 
the  Prmcipal  Works  of  Joseph  Mallord  William  Turner.  With  a  Memoir 
and  Illustrative  Text  by  Ralph  Nicholson  Wornum,  Keeper  and  Secretary 
National  Gallery.  Handsomely  half-bound,  India  Proofs,  royal  folio,  ;^io' 
Large  Paper  copies.  Artists'  India  Proofs,  elephant  folio,  £'zo.—A  Descriptive 
Pamphlet  will  be  sent  upon  application. 

"To  those  whose  memories  are  old  enough  to  go  back  through  any  considerable 
portion  of  Turner  s  life,  or  who  may  have  seen  the  majority  of  the  pictures  he 
painted  dunng  so  many  years  of  loving  labour,  it  will  be  at  once  manifest  that  no 
better  selection  could  have  been  made  of  paintings  which  could  be  got  at  by  any 
reasonable  means.  Many  of  his  grandest  productions  are  in  this  series  of  engrav- 
ings, and  the  ablest  landscape  engravers  of  the  day  have  been  employed  on  the 
plates,  among  which  are  some  that,  we  feel  assured.  Turner  himself  would  have 
been  delighted  to  see.  These  proof  impressions  constitute  a  volume  of  exceedine 
beauty,  which  deserves  to  find  a  place  in  the  library  of  every  man  of  taste  The 
number  of  copies  printed  is  too  limited  for  a  wide  circulation,  but,  on  that  account 
the^ranty  of  the  publication  makes  it  the  more  valuable. 

A  series  of  engravings  from  Turner's  finest  pictures,  and  of  a  size  and  quality 
commensurate  with  theu-  importance,  has  not  till  now  been  offered  to  the  public  • 
nor,  mdeed,  could  it  have  been  produced  but  for  the  glorious  legacy  bequeathed  to' 
the  coun  ry.  During  his  lifetime  he  exercised  supreme  control  over  his  works  and 
r^n  ll^w"™."  engraved  but  what  he  chose;  the  large  sums,  moreover 

f„    IH  °''  'ii^  .P?°°f5.  which  he  considered  equivalent  to  what  he 

^2t)^^lZ'^^^T^A°'f°^^''^^^'?:''^^^  a  prohibition  to  such  engrav  ngs 

getting  into  the  hands  of  any  but  the  opulent. 

^lllL  if  1^"  *°°  f       '°  f  beautiful  and  worthy  tribute  to  the 

TIMES'  CLUBS  AND  CLUB  LIFE  IN  LONDON.  With 
TIMES'  ENGLISH  ECCENTRICS  and  ECCENTRICITIES  • 

c^:;irSt?a%.^LJ°«'^        ^^^^^  fcl^-'&o! 

"  The  reader  who  would  fain  eniov  a  harmlocc  i 
might  do  much  worse  than  take^aroSnal   dm  i 

The  Illustrations  are  admirably  suited  to  the  nerpf^s.-lci;^^^^  Eccentrics.' 

?=.-cXto?L'iktb»     ^^-rfr^  ^hroSgd 
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ALTON  AND  COTTON,  ILLUSTRATED.— THE  COM- 
PLETE ANGLER  ;  or.  The  Contemplative  Man's  Recreation  :  Being 
a  Discourse  of  Rivers,  Fish-ponds,  Fish  and  Fishing,  written  by  Izaak 
Walton  ;  and  Instructions  how  to  Angle  for  a  Trout  or  Grayling  in  a 
clear  Stream,  by  Charles  Cotton.  With  Original  Memoirs  and  Notes  by  Sir 
Harris  Nicolas,  :K.C.M.G.  With  the  6i  Plate  Illustrations,  precisely  as  in 
Pickering's  two-volume  Edition.  Complete  in  One  Volume,  large  crown  8vo, 
cloth  antique,  yi.  dd. 

"Among  the  reprints  of  the  year,  few  will  be  more  welcome  than  this  edition  of 
the  '  Complete  Angler,'  with  Sir  Harris  Nicolas's  Memoirs  and  Notes,  and  Stothard 
and  Inskipp's  illustrations." — Saturday  Review. 

WELLS' JOSEPH  AND  HIS  BRETHREN:  A  Dramatic  Poem. 

By  Charles  Wells.    With  an  Introductory  Essay  by  Algernon  Charles 

Swinburne.    Crown  8vo,  with  Vignette  Portrait,  cloth  extra,  gf. 

"The  author  of  'Joseph  and  his  Brethren' will  some  day  have  to  be  acknow- 
ledged among  the  memorable  men  of  the  second  great  period  in  our  poetr>'.  .  .  . 
There  are  lines  even  in  the  overture  of  his  poem  which  might,  it  seems  to  me,  more 
naturally  be  mistaken  even  by  an  expert  in  verse  for  the  work  of  the  young  Shakspeare, 
than  any  to  be  gathered  elsewhere  in  the  fields  of  English  poetry." — Swinburnk. 

"  In  its  combination  of  strength  and  delicacy,  in  sweet  liquid  musical  flow,  in  just 
cadence,  and  in  dramatic  incisiveness  of  utterance,  the  language  throughout  keeps 
closer  to  the  level  of  the  Elizabethan  dramatists  than  that  of  any  dramatist  of  sub- 
sequent times." — Athejtaimt. 

WARRANT  TO  EXECUTE  CHARLES  I.    An  exact  Facsimile 

of  this  important  Document,  with  the  Fifty-nine  Signatures  of  the  Regicides,  and 
corresponding  Seals,  on  paper  to  imitate  the  Original,  22  in.  by  14  in.  Price  2J. 
WARRANT  TO  EXECUTE  MARY  QUEEN  OF  SCOTS. 
An  exact  Facsimile  of  this  important  Document,  including  the  Signature  of 
Queen  Elizabeth  and  Facsimile  of  the  Great  Seal,  on  tinted  paper,  to  imitate  the 
Original  MS.   Price  zs. 

WILD'S  CATHEDRALS.    Select  examples  of  the  Ecclesiastical 

Architecture  of  the  Middle  Ages  ;  arranged  in  Two  Series  (the  First  Foreign, 
the  Second  English).  Each  Series  containing  Twelve  fine  Plates,  mounted  upon 
Cardboard,  and  carefully  Coloured,  after  the  Original  Drawings  by  Charles 
Wild.  In  a  portfolio,  £^  ^s.  each  series. 
WILSON'S  AMERICAN  ORNITHOLOGY  ;  or,  Natural  History 
of  the  Birds  of  the  United  States  ;  with  the  Continuation  by  Prince  Charles 
Lucian  Bonaparte.  New  and  Enlarged  Edition,  completed  by  the 
insertion  of  above  One  Hundred  Birds  omitted  in  the  original  Work,  and  Illus- 
trated by  valuable  Notes,  and  Life  of  the  Author,  by  Sir  William  Jardine. 
Three  Vols.  8vo,  with  a  fine  Portrait  of  Wilson,  and  103  Plates,  exhibiting 
nearly  four  hundred  figiires  of  Birds  accurately  engraved  and  beautifully  printed  in 
Colours,  cloth  extra,  gilt,  £2  y.  Also,  a  few  Large  Paper  copies,  quarto,  with 
the  Plates  all  carefully  Coloured  by  hand,  at  £6  6s. 

"The  History  of  American  Birds  by  Alexander  Wilson  is  equal  in  elegance  to  the 
most  distinguished  of  our  own  splendid  works  on  Ornithology."— Cuvier. 

WRIGHT'S    CARICATURE    HISTORY  of  the  GEORGES 

(House  of  Hanover).  With  400  Pictures,  Caricatures,  Squibs,  Broadsides, 
Window  Pictures,  &c.  By  Thomas  Wright,  Esq.,  M.A.,  F.S.A.  Crown  8vo, 
cloth  extra,  ^s.  6d. 

"Emphatically  one  of  the  liveliest  of  books,  as  also  one  of  the  most  interestmg. 
Has  the  twofold  merit  of  being  at  once  amusing  and  edifying."— ./I/or?»!«je'  Post.  

WRIGHT'S  HISTORY  OP  CARICATURE  AND  OF  THE 

GROTESQUE  IN  ART.  LITERATURE,  SCULPTURE,  AND  PAINT- 
ING, from  the  Eariiest  Times  to  the  Present  Day.  By  Thomas  Wright, 
M.A.,  F.S.A.  Profusely  Illustrated  by  F.  W.  Fairholt,  F.S.A.  Large  post 
8vo,  cloth  extra,  gilt,  7^.  (>d. 

"  A  very  amusing  and  instructive  vo\\iTae."—Saturdav  Review. 
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